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Real Party in Interest 



The real party in interest for U.S. Patent Application Serial No. 09/708,352 is: 

BIOMUNE COMPANY 
8906 Rosehill Road 
Lenexa, Kansas 66215 

Biomune Company is a wholly-owned subsidiary of: 

r^Tl\rA CAXTTT7 A XTTA/T AT Q A 

96, rue de la Victoire, 75009 Paris 
FRANCE 
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Related Appeals and Interferences 



There are no related appeals or interferences. 
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Status of Claims 

Claims 1, 3-12, and 29-56 are pending. Claims 1, 3-12, and 29-56 are under 
rejection and are being appealed. Claims 2, and 13-28 have been canceled. 



NY01 1157750 vl 



5 



i 

U.S. Patent Application Serial No.: 09/708,352 
Attorney Docket Number: 12780/101 



Status of Amendments 

An Amendment under 37 C.F.R. §1.116 (an Amendment after Final) was filed 
October 24, 2005, 2005 but was not entered. 
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Summary of Claimed Subject Matter 

The invention defined by independent claim 1 is a vaccine which is protective 
against Mycoplasma bovis clinical disease in a bovine species {specification, page 4, lines 
7-8} comprising at least one inactivated or attenuated Mycoplasma bovis biotype 
{specification, page 4, lines 8-9}, an adjuvant {specification, page 8, lines 7-8}, and a 
pharmaceutically acceptable excipient {specification, page 4, lines 9-10}, and wherein the 
adjuvant does not include saponin {specification, page 8, lines 7-26, particularly line 
21} and the clinical disease includes respiratory pneumonia {specification, at Example 7, 
page 21, line 27 to page 22, line 22, and the abstract}. 

The invention defined by independent claim 5 is a vaccine which is protective 
against Mycoplasma bovis clinical disease in a bovine species {specification, page 4, lines 
7-8} comprising at least one inactivated or attenuated Mycoplasma bovis biotype 
{specification, page 4, lines 8-9}, an adjuvant {specification, page 8, lines 7-8}, and a 
pharmaceutically acceptable excipient {specification, page 4, lines 9-10}, wherein at least 
one of the inactivated or attenuated Mycoplasma bovis biotypes is selected from the group 
consisting of biotype A {specification, page 6, line 20}, biotype B {specification, page 
6, line 20} and biotype C {specification, page 6, line 20}, and wherein the adjuvant does 
not include saponin {specification, page 8, lines 7-26, particularly line 21}. 

The invention defined by independent claim 8 is a vaccine which is protective 
against Mycoplasma bovis clinical disease in a bovine species {specification, page 4, lines 
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7-8} comprising at least two inactivated or attenuated Mycoplasma bovis biotypes 
{specification, page 9, lines 1-2} and a pharmaceutical^ acceptable excipient 
{specification, page 4, lines 9-10}. 

The invention defined by independent claim 29 is a vaccine which is protective 
against Mycoplasma bovis mastitis in a bovine species {specification, at Example 5, 
pages 18-20, particularly page 19, lines 17-32, abstract} comprising at least one 
inactivated or attenuated Mycoplasma bovis biotype {specification, page page 4, lines 8- 
9} and a pharmaceutical^ acceptable excipient {specification, page 4, lines 9-10}. 

The invention defined by independent claim 52 is a whole-cell vaccine 
{specification, page 16, lines 22-28} which is protective against Mycoplasma bovis 
clinical disease in a bovine species {specification, page 4, lines 7-8} comprising at least 
one inactivated or attenuated Mycoplasma bovis biotype {specification, page 4, lines 8-9} 
and an adjuvant selected from the group consisting of: an aluminum hydroxide-oil 
emulsion; a mineral, vegetable, or fish oil-water emulsion; a water-oil-water emulsion; 
E. coli J5; dextran sulfate; iron oxide; sodium alginate; Bacto-Adjuvant; a synthetic 
polymer; Carbopol; a poly-amino acid; a co-polymer of amino acids; carrageenan; 
REGRESSIN®; N, N-dioctadecyl-N'-N'-bis(2-hydroxyethyl) propanediamine; a long 
chain polydispersed p(l,4) linked mannan polymer interspersed with O-acetylated 
groups; deproteinized cell wall extracts from a non-pathogenic strain of Mycobacterium', 
mannite monooleate; and paraffin oil {specification, page 8, lines 16-26 and page 11, 
lines 3-4}. 
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The invention defined by independent claim 56 is a vaccine which is protective 
against Mycoplasma bovis clinical disease in a bovine species {specification, page 4, lines 
7-8} comprising at least one attenuated Mycoplasma bovis biotype {specification, page 4, 
lines 8-9} and a pharmaceutical^ acceptable excipient {specification, page 4, lines 9-10}, 
wherein the clinical disease includes respiratory pneumonia {specification, at Example 7, 
page 21, line 27 to page 22, line 22, and the abstract}. 
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Grounds of Rejection to be Reviewed on Appeal 

The following grounds of rejection are present in this appeal: 

(1) claims 1, 3, 5, 6, 29, 30, 40-44, and 52-55 have been rejected as anticipated under 35 
U.S.C. § 102(b) by Boothby, Immunologic Responses to Mycoplasma bovis . University 
Microfilm International (Dissertation) 1-172, 1982 (Boothby I); 

(2) claims 1, 4, 5, 7, 29, 30, and 56 have been rejected as anticipated under 35 U.S.C. 
§102(b) by Thorns et al., 1980, Res. Vet. Sci. 29:328-332 (Thorns); and 

(3) claims 1, 3-12, and 29-56 have been rejected as obvious under 35 U.S.C. §103(a) 
over Boothby I in view of Poumarat et al., 1994, Vet. Microbiol. 40:305-321 (Poumarat) 
and Thorns. 
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Argument 

Ground of rejection 1 

Are claims 1, 3, 5, 6, 29, 30, 40-44, and 52-55 anticipated under 35 U.S.C. §102(b) 
by Boothby, Immunologic Responses to Mycoplasma bovis , University Microfilm 
International (Dissertation) 1-172, 1982 (Boothby I)? 

Claims 1, 3, 5, 6, 29, 30, 40-44, and 52-55 are rejected as being anticipated by 
Boothby I. These claims do not stand or fall together, but instead should be grouped 
according to the subheadings below. 

Claims 1, 3, 5, 6, 29, 30, 40-44, and 52-55 (all the claims subject to this rejection) 

Boothby 5 s vaccine does not anticipate claims 1, 3, 5, 6, 29, 30, 40-44, and 52-55 
because there is a clear difference between the Appellants' vaccine and Boothby Ps 
vaccine. Boothby Ps vaccine produces a very unfavorable reaction - all of Boothby Ps 
animals showed hypersensitivity (see Boothby I, page 136, 3 rd paragraph: "All groups 
receiving adjuvant preparations developed delayed-type hypersensitivity . . ."). 

In contrast, the presently claimed vaccines do not cause unfavorable reactions. 
See the specification at page 23, lines 2-3: "No unfavorable reactions resulting from the 
vaccine's use have been reported;" page 23, lines 14-15: "No unfavorable reactions in 
animals receiving the product have been reported;" page 20, line 1 : "No injection 
reactions were observed;" and the abstract: "These vaccines demonstrate no undesirable 
side effects ..." 

This is a real difference between the Appellants' vaccine and Boothby I that must 
be due to the nature of the vaccine, and thus indicates that the vaccine of Boothby I does 
not anticipate the presently claimed vaccine. 
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Claims 5, 6, and 54 

Claim 5 and dependent claims 6 and 54 require that the vaccine comprises 
particular biotypes that are not disclosed in Boothby I. Claims 5, 6, and 54 each require 
at least one biotype selected from the group consisting of biotype A, biotype B and biotype 
C. Boothby I does not disclose biotype A, B, or C. Thus, Boothby I cannot anticipate 
these claims. 

Claims 29, 30, and 40-44 

Claims 29, 30, and 40-44 all contain the limitation that the claimed vaccine must 
be "protective against Mycoplasma bovis mastitis in a bovine species." The Examiner 
argued that this limitation is merely an "intended use" and therefore is not sufficient to 
avoid anticipation by Boothby I. See the Office Action, dated May 25, 2005, page 4, 
line 17 to page 5, line 12. 

The Appellants do not agree. Being protective against mastitis is not simply an 
intended use but rather is a functional characteristic of the vaccine itself. The 
characteristic of being protective against mastitis distinguishes the claims over the prior 
art, such as the vaccine disclosed in Boothby I. The evidence of record demonstrates 
that prior art vaccines, such as Boothby Fs, were not protective against mastitis. 
Persons skilled in the art, having knowledge of Boothby I and other prior art, did not 
view the then-existing vaccines as being protective against mastitis. 

For example, Heller et al., 1993, Vet. Microbiol. 37:127-133 (Heller), when 
referring to methods of controlling the spread of Mycoplasma &<9W.s-caused mastitis, did 
not mention that one should vaccinate to control mastitis but instead stated that culling 
is necessary. See page 127: "To control the spread of this disease, an early detection of 
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the pathogen is crucial since the removal and culling of infected cows is necessary to 
prevent fresh infections." 

Hanson, (September, 2001) Bovine Veterinarian 4-8 (Hanson I) and Hanson, 

(October, 2001) Bovine Veterinarian 12-20 (Hanson II), described methods to prevent 

mastitis or mitigate its effects, but the methods do not include vaccination, indicating 

that no vaccine protective against mastitis was known to the art. This failure to mention 

vaccination is telling, since there clearly was recognition in the art that Mycoplasma 

6ov/s-caused mastitis was a serious problem. For example, Hanson I, at page 4, quotes a 

veterinarian as follows: 

"Mycoplasma mastitis is a doubly insulting disease," says Blackmer. "Not only 
can it be remarkably contagious when it is present but it absolutely does not 
respond to antibiotic therapy. In fact, treatment can actually cause epidemics, 
because it frequently is spread by unsound intramammary therapy practices." 

If vaccination had been available to combat a problem as serious as M bovis- 
caused mastitis, Heller, Hanson I, and Hanson II would have been expected to mention 
it, but they did not. 

The Office Action dated May 25, 2005, page 5, lines 5-7, refused to consider this 
evidence, stating: "Applicant's referral to other publications (Heller et al, 1993, Hanson, 
September 2001 and Hanson, October 2001) to support their position is irrelevant since 
Boothbv teach the claimed vaccine compositions ." [emphasis added] However, this 
misunderstands the import of the evidence. Heller and the two Hanson publications 
demonstrate that Boothby I does not teach the claimed vaccines. The Appellants submit 
that the Office Action has assumed the issue to be decided - whether Boothby I discloses 
the claimed vaccines - before considering all the evidence that should be used to decide 
that issue. The U.S. Patent & Trademark Office has the burden of proving a case of 
anticipation, based upon reasoned arguments, after considering all relevant evidence. 
The Appellants submit that this has not been done. 
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The Office Action did not explain why, if Boothby I provided a vaccine against 
mastitis, the art was still recommending culling and other non-vaccine approaches as the 
only methods of combating mastitis nearly twenty years after Boothby Fs disclosure 
became public. 1 Based on the record as it currently stands, the inevitable conclusion is 
that Boothby Fs vaccine was not protective against mastitis, and thus could not have 
been the same as the claimed vaccine. 

The Office Action dated May 25, 2005 cited In re Casey, 370 F. 2d 576, 152 
USPQ 235 (CCPA 1967) and In re Otto, 312 F. 2d 937, 136 USPQ 458 (CCPA 1963) in 
support of its position with respect to the limitation of protection against mastitis. 

Casey is not applicable to the present fact pattern because the functional properties 
of the claimed device in Casey were found to be inherently disclosed in the Kienzle 
prior art reference. See 370 F. 2d at 941, 152 U.S.P.Q. at 238, where the Court of 
Customs and Patent Appeals agreed with the reasoning of the Board of Appeals and 
stated: "The rationale of the board clearly deducible from the language employed is that 
the Kienzle apparatus as it obviously must be constructed would inherently perform all 
of the functions called for in claim 1 ..." In the present application, the functional 
property of being protective against mastitis is not found in the prior art, either explicitly 
or inherently. 

In Otto, the claims were rejected for obviousness over a large number of 
references that collectively disclosed all the limitations recited in the claims. That is not 
the case here, where the record contains no prior art, either alone or in combination, 
disclosing the limitation of "protective against bovine mastitis." Instead, the record 
contains compelling evidence that the prior art lacked this limitation. 



Boothby I is dated 1982. Heller is dated 1993. Hanson I and Hanson II are dated 2001 . 
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A much more recent decision, in the Federal Circuit, which specifically dealt with 

functional characteristics of product claims, and which is therefore particularly 

applicable to the present application is Union Oil Co. of Cal. v. Atlantic Richfield Co., 

208 F. 3d 989, 54 U.S.P.Q. 2d 1227 (Fed. Cir. 2000). In Union Oil, the claims at issue 

were directed to gasolines that were defined as being suitable for combustion in 

automotive engines. See 208 F. 3d at 995, 54 U.S.P.Q. 2d at 123 1 : 

The claims of the '393 patent recite either "[a]n unleaded gasoline suitable for 
combustion in an automotive engine' 1 or "[a]n unleaded gasoline fuel suitable for 
combustion in a spark ignition automotive engine." 

The district court construed these claims to cover only automotive fuels, not also 
aviation or racing fuels. This was primarily due to the specification's teaching that the 
functional characteristic of being suitable for use in automotive engines addressed the 
problem the invention was directed toward, together with the claims' recitation of that 
characteristic. This resulted in a finding that the quoted functional language was a real 
limitation of the claims, and not just an intended use. See 208 F. 3d at 995-996, 54 
U.S.P.Q. 2d at 1231-1232: 

The district court's interpretation also finds extensive support in the specification. 
The patentees described the problem that their invention addressed: 

One of the major environmental problems confronting the United States 
and other countries is atmospheric pollution (i.e., "smog") caused by the 
emission of gaseous pollutants in the exhaust gases from automobiles. 
This problem is especially acute in major metropolitan areas, such as 
Los Angeles, Calif, where the atmospheric conditions and the great 
number of automobiles account for aggravated air pollution. 

* • » 

The patentees tailored their research and their patent to ordinary fuels for use in 
standard passenger cars. Thus, the claim language, further informed by the 
specification, shows that the district court correctly read the claims to cover 
ordinary automotive fuel. 



NY01 1157750 vl 



15 



< 

U.S. Patent Application Serial No.: 09/708,352 
Attorney Docket Number: 12780/101 

Because the '393 patent covers only standard automotive fuel, the district court 
correctly determined that specialty fuels within other limitations of the claims do 
not anticipate under 35 U.S.C. § 102. 

As in Union Oil, claims 29, 30, and 40-44 of the present application recite the 
functional characteristic at issue - "protective against Mycoplasma bovis mastitis." Also 
as in Union Oil, the present specification stresses the problem of mastitis and teaches 
that the vaccines of the present invention address that problem by providing actual data 
showing the vaccines to be protective against mastitis. See the specification, page 2, 
lines 1-11: 

Diseases caused by mycoplasmas are often resistant to antimicrobial therapy, 
leaving no effective means of treatment. Consequently, the only effective control 
method is to cull animals from a herd. This has enormous economic implications 
in the dairy industry where losses are measured by the value of the culled animals 
as well as the impact on both milk quality and quantity due to clinical and 
subclinical infections. Mycoplasma infections resulting in bovine mastitis are 
increasing in prevalence and geographical distribution. In the United States, this 
higher prevalence is due to a larger and-more intense cattle production industry in 
which herds are rapidly expanding, placing them at greater risk. Increased 
incidence of M. bovis infection and related infectious disease in dairy herds has 
been noted worldwide (Jasper, DE 1982, J. Amer. Vet. Med. Assn. 181:158-162). 

See also Example 5, pages 18-20, where a large decrease in the number of mastitis 
cases occurred in a herd that was vaccinated with the vaccine of the present invention. 
See in particular page 19, lines 17-32: 

L 

Comparative results were used to measure efficacy of the vaccine. Samples taken 
from all animals presenting with clinical mastitis were cultured by an independent 
laboratory to monitor the absence or presence of Mycoplasma bovis infection of 
the mammary gland. Field evaluations were made by comparing clinical 
incidence of mastitis caused by Mycoplasma bovis following herd vaccination to 
the base line herd incidence prior to vaccination. Results were as follows: 

Pre Vaccination Base Line Incidence: 

155 confirmed positive clinical Mycoplasma bovis infections 

Post Vaccination Herd Incidence: 
1st year following vaccination: 

24 confirmed positive clinical Mycoplasma bovis infections 
2nd year following vaccination: 

1 confirmed positive clinical Mycoplasma bovis infection. 
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In view of the Federal Circuit's guidance in Union Oil as to how such a claim 
recitation should be construed, the recitation of "protective against Mycoplasma bovis 
mastitis" is a true limitation of claim 29, 30, and 40-44 and serves to distinguish these 
claims over the prior art. 

Even if the recitation of "protective against bovine mastitis" is viewed as an 
intended use, this rejection should be withdrawn. In connection with the interpretation 
of this recitation as an intended use, the Office Action cited Casey and Otto as support 
for the proposition that (sentence bridging pages 4 and 5): "If the prior art is capable of 
performing the intended use, then it meets the claim." This proposition is inapplicable 
here, because the evidence of record shows that the prior art is not capable of protecting 
against mastitis. 

Where the prior art product was not capable of performing the intended use, the 
Board of Patent Appeals and Interference held that claims reciting the intended use were 
not anticipated. In Ex parte HervyA. Morris (available at 1998 WL 1736155), a claim 
directed to a cutting device recited "to deflect the liquid jet stream when the cutting 
element is moved to the idle position." The Examiner interpreted this recitation as an 
intended use and rejected the claim over Casey and Otto, stating: "If the prior art 
structure is capable of performing the intended use, then it meets the claim." 

[t]he phrase "to deflect the liquid-jet stream " should not be construed as 

defining structure. It does not describe any structure; it merely expresses what the 
disk is desired to do. However, it has well been established that, a recitation of 
the intended use of the claimed invention must result in a structural difference 
between the claimed invention and the prior art in order to patentably distinguish 
the claimed invention from the prior art. If the prior art structure is capable of 
performing the intended use, then it meets the claim. In re Casey, [370 F.2d 576, 
580,] 152 USPQ 235[ [, 238] (CCPA 1967); In re Otto, [312 F.2d 937, 940,] 136 
USPQ 458, 459 (CCPA 1963). 

Ex parte Hervy A. Morris, page 2. 
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The Board of Patent Appeals and Interference reversed this rejection, stating: 

Although we appreciate the examiner's position, we do not agree with his 
argument, because in our view the disk 620 of Driver [the prior art relied on by 
the Examiner] is not capable of performing the intended use recited, i.e., of 
"deflecting] the liquid-jet stream when the cutting element is moved to the idle 
position." 

Ex parte Hervy A. Morris , page 2. 

The evidence of record shows that Boothby I's vaccines were not "capable of 
performing the intended use" because the evidence of record shows that Boothby Fs 
vaccines were not protective against mastitis. Accordingly, Casey and Otto are not 
applicable and claims 29, 30, and 40-44 are not anticipated by Boothby I. 



Claims 52 and 55 

Claims 52 and 55 recite that the vaccine comprises an adjuvant selected from a 
group that does not include the adjuvants listed in Boothby I. 2 Therefore, Boothby I 
does not anticipate claims 52 and 55. 



At page 131, Boothby I discloses the use of the following adjuvants: 
Freund's incomplete adjuvant 
N-acetylmuramyl-L-alanyl-D-isoglutamine (MDP) 
Amphotericin B 

Combined magnesium/aluminum hydroxide 
Killed Bordatella pertussis 
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Ground of rejection 2 

Are claims 1, 4, 5, 7, 29, 30, and 56 anticipated under 35 ILS.C. §102(b) by Thorns 
et al., 1980, Res. Vet. ScL 29:328-332 (Thorns)? 

Claims 1, 4, 5, 7, 29, 30, and 56 are rejected as being anticipated by Thorns. 
These claims do not stand or fall together, but instead should be grouped according to 
the subheadings below. 

Claims 1, 4, 5, 7, 29, 30, and 56 (all of the claims subject to this rejection) 

There is a clear difference between the presently claimed vaccines and Thorn's 
mycoplasma strains. The presently claimed vaccines do not cause unfavorable 
reactions. See the specification at page 23, lines 2-3: "No unfavorable reactions 
resulting from the vaccine's use have been reported;" page 23, lines 14-15: "No 
unfavorable reactions in animals receiving the product have been reported;" page 20, 
line 1 : "No injection reactions were observed;" and the abstract: "These vaccines 
demonstrate no undesirable side effects ..." 

All of the strains in Thorns caused some kind of histopatho logical change. See 
the right column in Table 1 on page 329, which shows that only the control (i.e., no 
Mycoplasma bovis) injections resulted in no histopathological changes. 

Claims 1, 4, 5, 7, 29, 30, and 56 all recite "vaccines" that are "protective" against 
diseases caused by Mycoplasma bovis in bovines. Thorns does not even disclose a 
vaccine. Thorns discloses only attenuated strains of Mycoplasma bovis that were 
injected into mice. There is no disclosure in Thorns that the attenuated strains were 
protective against any disease in the injected mice, and certainly not against any disease 
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in bovines. Thorns does not even disclose any data that indicate the attenuated strains 
caused any stimulation of the immune systems of the mice against Mycoplasma bovis. 

Thorns showed that highly passaged strains were attenuated in the sense that the 
highly passaged strains themselves did not cause responses such as inflammation or 
abnormal glands to the same degree as low passaged strains. Thus, Thorns disclosed 
attenuated Mycoplasma bovis strains. But claims 1, 4, 5, 7, 29, 30, and 56 are not 
directed simply to attenuated strains. They are directed to attenuated strains that are 
capable of functioning as vaccines . Thorns contains no evidence that the attenuated 
strains disclosed therein could function as vaccines, to protect against disease caused by 
later exposure to Mycoplasma bovis. In particular, Thorns provided no evidence that the 
mice that were given the attenuated strains were protected from disease when later 
challenged with Mycoplasma bovis. Apparently, Thorns did not even challenge the 
mice. 

The Office Action concluded that, since Thorns 's highly attenuated strains did not 
cause disease themselves, they must have been able to protect against disease, i.e., that 
the attenuated strains were vaccines. See the Office Action dated May 25, 2005, page 6, 
lines 2-6: 

Thorns et al teach that all mice that were inoculated with M. bovis passaged over 
91 times had normal glands and showed not signs of systematic response (page 
329, Table 1). Therefore, the mice vaccinated with M. bovis passaged over 91 
times appeared to be protected against systematic response. 

But this logic is fundamentally flawed. It confuses one characteristic - the lack of 
ability to cause disease - with another, not necessarily related, characteristic - the ability 
to protect against disease. The Office Action provided no evidence that an attenuated 
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strain having the former characteristic would necessarily have the second characteristic 
as well. 

Moreover, the authors of Thorns stated that their strains were not vaccines. The 
authors considered that the work they disclosed only provided information and a starting 
point for research that might someday " perhaps " lead to the production of a vaccine 
against Mycoplasma bovis. In view of this statement, the strains described in Thorns 
could not already be vaccines. See page 332, right column, 3 rd paragraph: 

Whatever mechanisms the virulent strains have lost or modified, they should 
provide further insight into the pathogenesis of M. bovis mastitis which could 
perhaps lead to a stable vaccine for this disease, [emphasis added] 

Claims 1, 4, 5, and 7 

Claims 1, 4, 5, and 7 recite "an adjuvant." Thorns does not disclose an adjuvant. 
For this reason, Thorns does not anticipate claims 1, 4, 5, and 7. 

Claims 29, 30, and 56 

Claims 29, 30, and 56 recite the limitations that the claimed vaccines must be 
"protective against Mycoplasma bovis mastitis" (claims 29 and 30) or "protective 
against Mycoplasma bovis clinical disease . . . wherein the clinical disease includes 
respiratory pneumonia" (claim 56). As discussed above in connection with the rejection 
over Boothby I, these recitations are not simply an "intended use" but instead are 
functional limitations that confer patentable distinction on the claims. Thorns contains 
no showing that the attenuated strains disclosed therein are capable of protecting against 
any diseases. Thus, for this reason as well, Thorns does not anticipate claims 29, 30, and 
56. 
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Ground of rejection 3 

Are claims 1, 3-12, and 29-56 obvious over Boothby I in view of Poumarat et al., 
1994, Vet. Microbiol. 40:305-321 (Poumarat) and Thorns? 

Claims 1, 3-12, and 29-56 have been rejected as being obvious over Boothby I in 
view of Poumarat et al., 1994, Vet. Microbiol. 40:305-321 (Poumarat) and Thorns. 
These claims do not stand or fall together, but instead should be grouped according to 
the subheadings below. 

Claims 1, 3-12, and 29-56 (all of the claims subject to this rejection) 

As discussed above, the presently claimed vaccine does not cause unfavorable 
reactions. As discussed above, this limitation is lacking in Boothby I and Thorns, since 
the M. bovis in Boothby I caused hypersensitivity and the M. bovis in Thorns caused 
histopathological changes. Thus, these two publications lack a disclosure of this claim 
limitation. 

As explained more fully below, Poumarat did not disclose vaccines of any kind, 
and thus failed to teach or suggest a vaccine that does not cause unfavorable reactions. 

In view of the complete lack of disclosure of this limitation in the prior art, no 
combination of the cited references can possibly disclose or suggest this limitation, and 
the Appellants thus submit that a prima facie case of obviousness for claims 1,3-12, and 
29-56 has not been and cannot be made. 

Claims 8-12, 31-39, and 46-51 

Claims 8-12, 31-39, and 46-51 recite "at least two"M bovis biotypes. 
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Boothby I does not disclose a vaccine that contains more than one biotype. Even 
if Thorns is viewed as disclosing vaccines (which the Appellants dispute), Thorns still 
does not disclose a vaccine containing more than one biotype since all the strains in 
Thorns were administered individually. 

Poumarat does not disclose any vaccines since Poumarat is limited to a study of 
the antigenic characteristics of certain strains of Mycoplasma bovis. Moreover, 
Poumarat discourages, and thus teaches away from, the use of more than one biotype. 

Poumarat divided Mycoplasma bovis isolates into 13 different "genomic groups."' 
Poumarat then looked at the antigenic variability between and among these genomic 
groups. Although Poumarat found much antigenic variability, this variability did not 
correlate with membership in any particular genomic group. In other words, the same 
amount of antigenic variability could be found within groups as between groups. See 
page 318, 2 nd paragraph: 

Antigenic profiles of the M. bovis strains obtained by immunoblotting with J008 
calf serum differed markedly one from the other, the heterogeneity being equally 
great among strains belonging to the same genomic group and those coming from 
different genomic groups. There appeared to be no relation between the genomic 
variability of M. bovis and the antigenic variability . . . 

Because Poumarat teaches that antigenic variability is as great within Mycoplasma 
bovis groups as across Mycoplasma bovis groups, Poumarat teaches that there would be 
no gain in antigenic variability from including more than one type of Mycoplasma bovis 
in a vaccine. That is, there would be no point in having more than one type of 
Mycoplasma bovis in a vaccine. Poumarat thus discourages one of ordinary skill in the 
art from including more than one biotype in a vaccine, and thus teaches away from the 
invention defined by claims 8-12, 31-39, and 46-51. 
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"A prior art reference may be considered to teach away when a person of 
ordinary skill, upon reading the reference, would be discouraged from following the 
path set out in the reference, or would be led in a direction divergent from the path that 
was taken by the applicant." Monarch Knitting Mach. Corp. v. Sulzer Morat GmbH, 
139 F.3d 877, 885, 45 USPQ2d 1977, 1984 (Fed. Cir. 1998). 

Claims 34-39 and 46-51 

Poumarat's teaching away from a vaccine containing more than one biotype is 
especially pertinent in connection with claims 34-39 and 46-5 1 . These claims all 
require that the at least two biotypes be genetically different, as judged by analysis of 
DNA or RNA. Poumarat expressly teaches that such genetic differences are irrelevant 
with respect to antigenicity since Poumarat teaches that there appears to be "no relation 
between the genomic variability of M bovis and the antigenic variability." One of 
ordinary skill in the art would clearly interpret this conclusion as a teaching that nothing 
is to be gained from including biotypes that are genetically different in a vaccine, and 
thus would be discouraged from the invention of claims 34-39 and 46-51. Such a 
distinct teaching away from the Appellants' invention in the prior art constitutes a strong 
indication of non-obviousness, and a fortiori negates any possible case of prima facie 
obviousness. 

Claims 29, 30, and 40-45 

Claims 29, 30, and 40-45 recite that the vaccine is "protective against 
Mycoplasma bovis mastitis." 

None of Boothby I, Thorns, or Poumarat disclose or suggest this limitation. 
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Furthermore, there was a long- felt need in the art for an effective vaccine against 
bovine mastitis. See, e.g., Hanson, (September, 2001) Bovine Veterinarian 4-8 (Hanson 
I) and Hanson, (October, 2001) Bovine Veterinarian 12-20 (Hanson II), which contain 
extensive descriptions of the problems caused by bovine mastitis and the difficulty of 
dealing with this disease. For example, Hanson I quotes a veterinarian as follows (page 
4): 

"Mycoplasma mastitis is a doubly insulting disease," says Blackmer. "Not only 
can it be remarkably contagious when it is present but it absolutely does not 
respond to antibiotic therapy. In fact, treatment can actually cause epidemics, 
because it frequently is spread by unsound intramammary therapy practices." 

The art also discloses that others tried and failed to produce a vaccine protective 
against mastitis. Boothby et al. 5 1986, Can. J. Vet. Res. 50:200-204 (Boothby II) shows 
this failure of others, and also teaches away from the present claims. Boothby II tested 
whether killed M. bovis would be effective as a vaccine against bovine mastitis and 
found that it was not. Despite their prior exposure to killed M bovis, the treated cows in 
Boothby II were not protected against infection (see page 202, middle column: "All 
experimentally challenged quarters became infected . . ."). Thus, Boothby II was 
unsuccessful. Such a failure is a clear and strong deterrent to others. The skilled person 
therefore would undoubtedly have been deterred and discouraged by Boothby II from 
attempting to produce M. bovis vaccine, and thus would not even have sought the 
solution provided by the Appellants. 

Moreover, the treated animals in Boothby II showed poorer milk production than 
the untreated animals. The treated cows suffered significant and persistent reductions in 
the level of milk production. The control cows exhibited a smaller and more transient 
drop in milk production. See Figure 2 on page 202 for a comparison of treated and 
control cows. Thus, not only did the killed M. bovis fail to protect the treated cows, but 
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it caused milk production to be even worse than it would have been had the cows not 
been treated. Since the primary purpose for having dairy herds is to produce milk, one 
of ordinary skill in the art would certainly be deterred by a result that decreased the 
production of milk. Given that Boothby would have deterred the skilled person in two 
major respects - lack of efficacy and decrease in milk production - Boothby must be 
seen as teaching away from the Appellants' invention. 

Claim 56 

Claim 56 is directed to attenuated vaccines that are protective against respiratory 
pneumonia. 

Boothby I and Poumarat do not disclose attenuated Mycoplasma bovis. As 
discussed above, although Thorns does disclose attenuated strains of Mycoplasma bovis, 
Thorns states that these strains are not vaccines, but might provide "further insight" 
which could " perhaps " lead to the development of a vaccine. See Thorns, page 332, 
right column, 3 rd paragraph: 

Whatever mechanisms the virulent strains have lost or modified, they should 
provide further insight into the pathogenesis of M. bovis mastitis which could 
perhaps lead to a stable vaccine for this disease, [emphasis added] 

Given the lack of disclosure of an attenuated vaccine that is protective against 
respiratory pneumonia in any of Boothby I, Thorns, or Poumarat, and the lack of any 
suggestion as to how such a vaccine could be produced in those references, it cannot 
properly be said that those references make obvious claim 56. 

3 This is recognized by Boothby II at page 200, right column, where it is stated: "If prophylactic 
vaccination is to be efficacious, it must have minimal effects on the health and productive capabilities of 
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CONCLUSION 



For the reasons discussed above, the Appellants respectfully request that the 
Board of Patent Appeals and Interferences reverse: 

(1) the rejection of claims 1, 3, 5, 6, 29, 30, 40-44, and 52-55 as anticipated under 35 
U.S.C. § 102(b) by Boothby, Immunologic Responses to Mycoplasma bovis . 
University Microfilm International (Dissertation) 1-172, 1982 (Boothby I); 

(2) the rejection of claims 1, 4, 5, 7, 29, 30, and 56 as anticipated under 35 U.S.C. 

§ 102(b) by Thorns et al., 1980, Res. Vet. Sci. 29:328-332 (Thorns); and 

(3) the rejection of claims 1, 3-12, and 29-56 as obvious under 35 U.S.C. § 103(a) over 
Boothby I in view of Poumarat et al., 1994, Vet. Microbiol. 40:305-321 (Poumarat) 

and Thorns. 



Respectfully submitted, 



Dated 





Joseph A. Coppola 
Reg. No. 38,413 
KENYON & KENYON 
One Broadway 
New York, NY 10004 
Tel.: (212)452-7200 
Fax: (212)452-5288 
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1. A vaccine which is protective against Mycoplasma bovis clinical disease in a bovine 
species comprising at least one inactivated or attenuated Mycoplasma bovis biotype, an 
adjuvant, and a pharmaceutical^ acceptable excipient, and wherein the adjuvant does not 
include saponin and the clinical disease includes respiratory pneumonia. 

2. canceled 

Q 

amount of each inactivated biotype is at least 10 M bovis cells. 

4. The vaccine of claim 1 , wherein the Mycoplasma bovis biotype is attenuated and the 
amount of each attenuated biotype is at least 1 0 5 M. bovis cells. 

5. A vaccine which is protective against Mycoplasma bovis clinical disease in a bovine 
species comprising at least one inactivated or attenuated Mycoplasma bovis biotype, an 
adjuvant, and a pharmaceutical^ acceptable excipient, wherein at least one of the 
inactivated or attenuated Mycoplasma bovis biotypes is selected from the group consisting 
of biotype A, biotype B and Biotype C, and wherein the adjuvant does not include saponin. 

6. The vaccine of claim 5, wherein the Mycoplasma bovis biotype is inactivated and the 
amount of each selected inactivated Mycoplasma bovis biotype is at least 10 M bovis 
cells. 

7. The vaccine of claim 5, wherein the Mycoplasma bovis biotype is attenuated and the 
amount of each selected attenuated Mycoplasma bovis biotype is at least 10 5 M. bovis cells. 

8. A vaccine which is protective against Mycoplasma bovis clinical disease in a bovine 
species comprising at least two inactivated or attenuated Mycoplasma bovis biotypes and a 
pharmaceutical^ acceptable excipient. 



NY01 1 157750 vl 



28 



U.S. Patent Application Serial No.: 09/708,352 
Attorney Docket Number: 12780/101 

9. The vaccine of claim 8, further comprising a suitable adjuvant. 

10. The vaccine of claim 8, wherein the Mycoplasma bovis biotype is inactivated and the 
amount of each inactivated biotype is at least 10 M bovis cells. 

11. The vaccine of claim 8, wherein the Mycoplasma bovis biotype is attenuated and the 
amount of each attenuated biotype is at least 10 5 M. bovis cells. 

12. The vaccine of claim 8, wherein the Mycoplasma bovis biotypes are selected from 

the proim mnsistinp of hintvne A. bintvne R and biotvne C 

o r o — -> i — — 7 j i — — -'i — 

13-28. (canceled) 

29. A vaccine which is protective against Mycoplasma bovis mastitis in a bovine species 
comprising at least one inactivated or attenuated Mycoplasma bovis biotype and a 
pharmaceutical^ acceptable excipient. 

30. The vaccine of claim 29, where the vaccine is protective against Mycoplasma bovis 
mastitis in a bovine species following systemic administration. 

31. The vaccine of claim 30, comprising at least two inactivated Mycoplasma bovis 
biotypes. 

32. The vaccine of claim 3 1 , wherein the vaccine includes at least one inactivated 
Mycoplasma bovis biotype selected from the group consisting of biotype A, biotype B 
and biotype C. 

33. The vaccine of claim 31 wherein the vaccine contains approximately 10 8 cells of 
each biotype in a volume of 2-5 milliliters. 
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34. The vaccine of claim 8 wherein the at least two inactivated or attenuated 
Mycoplasma bovis biotypes are genetically different as determined by an analysis of 
DNA or RNA from the biotypes. 

35. The vaccine of claim 34 wherein the analysis is by PCR fingerprinting, analysis of 
ribosomal RNA, or analysis of DNA polymorphisms. 

36. The vaccine of claim 35 wherein the analysis is by PCR fingerprinting. 

37- The vaccine of claim 36 wherein the PCP_ fingerprinting uses arbitrarily chosen 
primers. 

38. The vaccine of claim 37 wherein the PCR fingerprinting uses as primers 5' NNN 
NCG NCG NCA TCN GGC 3' (SEQ ID NO: 1) and 5' NCG NCT TAT CNG GCC 
TAC 3' (SEQIDNO:2). 

39. The vaccine of claim 8 wherein the at least two Mycoplasma bovis biotypes have 
been identified as being different biotypes by a process comprising: 

(a) isolating DNA from the biotypes; 

(b) amplifying the DNA by PCR; 

(c) separating the amplified DNA by gel electrophoresis; and 

(d) comparing the resulting patterns from the gel electrophoresis to identify the different 
biotypes. 

40. The vaccine of claim 30 wherein, when the vaccine is administered to a plurality of 
cows in a herd of cows, the incidence of mastitis caused by Mycoplasma bovis in the 
herd before administering is greater than the incidence of mastitis caused by 
Mycoplasma bovis in the herd after administering. 

41. The vaccine of claim 40 wherein the vaccine is administered to at least about 50% 
of the herd. 



NY01 11 57750 vl 



30 



U.S. Patent Application Serial No.: 09/708,352 
Attorney Docket Number: 12780/101 

42. The vaccine of claim 41 where the vaccine is administered together with an 
adjuvant. 

43. The vaccine of claim 42 wherein the adjuvant is an aluminum hydroxide-oil 
emulsion; a mineral, vegetable, or fish oil-water emulsion; a water-oil- water emulsion; 
incomplete Freund's adjuvant; E. coli J5; dextran sulfate; iron oxide; sodium alginate; 
Bacto-Adjuvant; a synthetic polymer; Carbopol; a poly-amino acid; a co-polymer of 
amino acids; saponin; carrageenan; REGRESSIN®; N, N-dioctadecyl-N'-N'-bis(2- 
hydroxyethyl) propanediamine; a long chain polydispersed P(l,4) linked marrnan 
polymer interspersed with O-acetylated groups; deproteinized cell wall extracts from a 
non-pathogenic strain of Mycobacterium^ mannite monooleate; paraffin oil; or muramyl 
dipeptide. 

44. The vaccine of claim 30 where the Mycoplasma bovis biotype is inactivated and has 
been inactivated by treatment with: formalin, azide, freeze- thawing, sonication, heat, 
sudden pressure drop, detergent, lysozyme, phenol, proteolytic enzymes, P~ 
propiolactone, Thimerosal, or binary ethyleneimine. 

45. The vaccine of claim 44 where the Mycoplasma bovis biotype has been inactivated 
by treatment with p-propiolactone. 

46. The vaccine of claim 3 1 wherein the at least two inactivated Mycoplasma bovis 
biotypes are genetically different as determined by an analysis of DNA or RNA from 
the biotypes. 

47. The vaccine of claim 46 wherein the analysis is by PCR fingerprinting, analysis of 
ribosomal RNA, or analysis of DNA polymorphisms. 

48. The vaccine of claim 47 wherein the analysis is by PCR fingerprinting. 

49. The vaccine of claim 48 wherein the PCR fingerprinting uses arbitrarily chosen 
primers. 
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50. The vaccine of claim 49 wherein the PCR fingerprinting uses as primers 5 5 NNN 
NCG NCG NCA TCN GGC 3' (SEQ ID NO:l) and 5' NCG NCT TAT CNG GCC 
TAC 3' (SEQIDNO:2). 

51. The vaccine of claim 31 wherein the at least two Mycoplasma bovis biotypes have 
been identified as being different biotypes by a process comprising: 

(a) isolating DNA from the biotypes; 

(b) amplifying the DNA by PCR; 

(c) separating the amplified DNA by gel electrophoresis: and 

(d) comparing the resulting patterns from the gel electrophoresis to identify the different 
biotypes. 

52. A whole-cell vaccine which is protective against Mycoplasma bovis clinical disease in 
a bovine species comprising at least one inactivated or attenuated Mycoplasma bovis 
biotype and an adjuvant selected from the group consisting of: an aluminum hydroxide- 
oil emulsion; a mineral, vegetable, or fish oil-water emulsion; a water-oil-water 
emulsion; E. coli J5; dextran sulfate; iron oxide; sodium alginate; Bacto- Adjuvant; a 
synthetic polymer; Carbopol; a poly-amino acid; a co-polymer of amino acids; 
carrageenan; REGRESSIN®; N, N-dioctadecyl-N'-N 5 -bis(2-hydroxyethyl) 
propanediamine; a long chain polydispersed P(l,4) linked mannan polymer interspersed 
with O-acetylated groups; deproteinized cell wall extracts from a non-pathogenic strain 
of Mycobacterium ', mannite monooleate; and paraffin oil. 

53. The vaccine of claim 1, wherein the Mycoplasma bovis biotype is inactivated. 

54. The vaccine of claim 5, wherein the Mycoplasma bovis biotype is inactivated. 

55. The vaccine of claim 52, wherein the Mycoplasma bovis biotype is inactivated. 

56. A vaccine which is protective against Mycoplasma bovis clinical disease in a bovine 
species comprising at least one attenuated Mycoplasma bovis biotype and a 
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pharmaceutically acceptable excipient, wherein the clinical disease includes respiratory 
pneumonia. 



NY01 1157750 vl 



33 



U.S. Patent Application Serial No.: 09/708,352 
Attorney Docket Number: 12780/101 



Evidence Appendix 

The evidence relied upon, and where in the record that evidence was entered, is as 
follows: 

1. Boothby, Immunologic Responses to Mycoplasma bovis , University Microfilm 

International (Dissertation) 1-172, 1982 (Boothby I). Boothby I was applied by the 
Examiner in an anticipation rejection in the Office Action dated May 25, 2005, 
bottom of page 2 to middle of page 5. 

2. Heller et al., 1993, Vet. Microbiol. 37:127-133 (Heller). Heller was submitted in an 

Information Disclosure Statement filed April 16, 2002. The Examiner returned a 
copy of the PTO-1449 Form accompanying this Information Disclosure Statement, 
with the entry for this publication initialed, with the Office Action dated September 
30,2003. 

3. Hanson, (September, 2001) Bovine Veterinarian 4-8 (Hanson I). Hanson I was 

submitted in an Information Disclosure Statement filed April 16, 2002. The 
Examiner returned a copy of the PTO-1449 Form accompanying this Information 
Disclosure Statement, with the entry for this publication initialed, with the Office 
Action dated September 30, 2003. 

4. Hanson, (October, 2001) Bovine Veterinarian 12-20 (Hanson II). Hanson II was 

submitted in an Information Disclosure Statement filed April 16, 2002. The 
Examiner returned a copy of the PTO-1449 Form accompanying this Information 
Disclosure Statement, with the entry for this publication initialed, with the Office 
Action dated September 30, 2003. 
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5. Ex parte Hervy A. Morris (available in the Westlaw database at 1998 WL 1736155), 

a copy of which is enclosed herewith since this is a decision of the Board of Patent 
Appeals & Interferences that has not been published in a West reporter or in United 
States Patents Quarterly. 

6. Thorns et al., 1980, Res. Vet. Sci. 29:328-332 (Thorns). Thorns was applied by the 

Examiner in an anticipation rejection in the Office Action dated May 25 3 2 0 05, 
middle of page 5 to middle of page 7. 

7. Poumarat et al., 1994, Vet. Microbiol. 40:305-321 (Poumarat). Poumarat was 

applied by the Examiner in an anticipation rejection in the Office Action dated May 
25, 2005, middle of page 7 to top of page 12. 

8. Boothby et al., 1986, Can. J. Vet. Res. 50:200-204 (Boothby II). Boothby II was 

submitted in an Information Disclosure Statement filed April 16, 2002. The 
Examiner returned a copy of the PTO-1449 Form accompanying this Information 
Disclosure Statement, with the entry for this publication initialed, with the Office 
Action dated September 30, 2003. 
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Related Proceedings Appendix 

(none) 
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GENERAL INTRODUCTION 



Bovine mycoplasmal diseases were unrecognized in the 
United States from 1892 , when eradication of contagious 
bovine pleuropneumonia (due to Mycoplasma mycoides var 
mycoides) was complete, 1 until 1962 when mycoplasmal 
mastitis was first reported in this country. 2 The myco- 
plasma responsible for this outbreak was M. bovis 
(formerly M. agalactiae subs bovis ) , 3 This organism 
has since been isolated in this country and elsewhere from 
variety of anatomical sites and has been associated with 
respiratory, 4 ' 8 reproductive 9 and joint disease 10 ' 12 
as well as mastitis. Apart from M. mycoides var 
mycoides, M. bovis is probably the most pathogenic 
mycoplasma isolated from cattle. 1 ^ 

Assessment of the precise role of M. bovis in 
natural bovine disease is confounded because the organism 

often isolated from healthy as well as diseased 
13—15 

animals. The pathogenicity of M. bovis has been 

shown for a number of anatomical sites under controlled 
experimental conditions. 

Mycoplasma bovis is the most common and most severe 
cause of natural bovine mycoplasmal mastitis f 16 ' 17 and sl's 
few as 70 colony forming units have induced mastitis in 
experimentally inoculated cows. 18 Experimental inocula- 
tion of M. bovis is reported to induce arthritis in 
19—21 

calves, and urogenital tract lesions, infertility, 



2 



9 22-24 

and abortion in cows . ' Mycoplasma bovis inocu- 

lation endobronchially or intratracheally into gnotobiotic 

calves has caused macroscopic, subclinical cuffing pneu- 
20 

monia . 

Immunologic resistance to disease resulting from experi- 
mental challenge exposure with M. bovis has been 
reported in naturally infected and vaccinated animals. 
Vaccination with live or killed M bovis partially 

protects calves from experimental arthritis induced by intra- 

19 

venous injection with live M bovis . Calves vacci- 
nated with formalin inactivated M bovis have fewer organ- 
isms isolated from their lungs after experimental challenge 

25 26 

exposure than control calves „ ' Reduction of herd 

morbidity in M bovis mastitis outbreaks is reported 

27 

using formalized preparations from infected milk, and 

resistance to experimental intramammary challenge exposure 

has been demonstrated in lactating cows following natural 

28 29 

infection and vaccination. 9 The immunologic protec- 
tion provided by vaccination has not been complete, and some 
animals or quarters remain susceptible to M bovis 
disease and/or undesirable hypersensitivity reactions. 
Although numerous studies have demonstrated measurable 

humoral and cell-mediated responses to vaccination and 

„ . ~ 18-20 ,25, 26 , 28 ,30-33 , . c 

natural infection, f ' 9 ' no correlate of 

protective immunity has been documented; thus, the mechan- 



isms involved in immunologic resistance to M bovis 
disease remain obscure . 

Identification and segregation of infected animals 

remains the only effective means of controlling M bovis 
34 

disease. Present methods of identifying mycoplasmal 

isolates from suspect animals are slow, expensive, and depen- 

dent upon serological procedures. Several features of 

mycoplasmas limit the utility of conventional reagents 

especially with more rapid and sensitive techniques such as 

enzyme-linked immunosorbent assay (ELISA) , Many mycoplasmas 

are not potent immunogens and do not evoke production of 

avid and specific antisera. M bovis , like 

other mycoplasmas, incorporates components of the growth 

milieu in its membrane and , when used as antigen for 

production of specific antisera, elicits reactivity to 

growth medium components as well as to innate mycoplasma 
antigens ^8-43 Immunoglobulin and other serum components 

may also be present on the surface of mycoplasmal 
41 44 45 

cells. ' ' Therefore, some non-specific 
crossreactivity between mycoplasmal species will be present 
when conventional reagents are prepared with whole cells due 
to immunologic recognition of environment antigens. 

No antimicrobial chemotherapeutic agent has proven 
satisfactory in treating M bovis disease. The 
two main preventive strategies, identification/segregation 
of infected animals and induction of protective immunity 



4 



through vaccination, rely on understanding the immunologic 
responses to M bovis . This study was undertaken to 
describe immunologic responses to M bovis antigens in 
vaccinated and naturally infected animals using some tradi- 
tional methods and some methods not previously available. 

The ELISA is a highly sensitive and specific test now 
being used extensively in immunologic research and 
diagnosis. 46-48 The assay has been used to detect the 
presence of antigens and specific antibody in biological 

samples. ELISA has been used to detect antibodies to 

49-52 

several mycoplasmas. The ELISA was adapted for 

detecting M bovis specific IgG in bovine serum, and the 
assay parameters were described (Part 1).*^ 

Characterization of M bovis antigens has recieved 
little study despite the importance of the organism as a 
bovine pathogen. Preliminary studies were undertaken using 
sodium dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE), ELISA, and gel-electrophoresis-deri ved enzyme- 
linked immunosorbent assay (GEDELISA) using various antigens 
and antisera from rabbits hyper immunized with homologous and 

heterologous mycoplasmas to identify crossreacti ve and M. 

38 

bovis specific antigens (Part II) • 

The GEDELISA , which combines the high resolving power 

of SDS-PAGE to separate complex molecules by molecular 

weight, with the sensitivity of ELISA to measure specific 

54 55 

antibodies, ' was adapted for detection of bovine serum 



antibodies specific for M. bovis antigens. The method 
was used to assay the antigenic specificity of the serum 
immune responses from cows resistant and cows susceptible to 
experimental challenge exposure to live virulent M 
bovis. if antigens important in resisting disease were 
elucidated, they would be useful in measuring and inducing 

protective immunity in vaccinated and naturally infected 

-i -•* _ i _ ✓ t^> i — — - . 5 G 

Previous studies have demonstrated tissue tropism for 
respiratory mycoplasmas, 57 " 59 and immune responses in 
vaccinated and naturally infected calves. 14,30 ' 31 a study 
of tissue tropism and immune responses in natural M. 
bovis respiratory infection was undertaken using EL ISA 
adapted to describe the serum and secretory isotypic M 
bovis specfic antibody responses in addition to other 
measurements of humoral and cell mediated immunity. This 
description (Part IV) should serve as a baseline for 
comparing the further experimental and field observations. 

Clinical and experimental observations indicate that 
natural infection or vaccination with M bovis may induce 
resistance to reinfection. 25-29 Vaccine preparations 
achieving promising results have used adjuvants, 
which may overcome the putative immunosuppressive effects of 
M bovis. 31 M bovis antigens in combination with 
adjuvant would be extremely useful if a pronounced local, 
long lasting immune response could be achieved. Five adju- 



vant preparations were combined with M bovis antigens 
and administered to groups of calves. Cytologic, microbio- 
logic and immunologic measurements were made during vaccin- 
ation and experimental challenge exposure to determine 
efficacy of these preparations. (Part V). 

Understanding the specific immunologic responses will 
lead to better control of M bovis bovine disease. This 
manuscript is submitted as a contribution toward achieving 
that goal. 
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SUMMARY 

The enzyme-linked- immunosorbent assay (ELISA) was 
optimized for detection of Mycoplasma bovis -spec if ic IgG 
in bovine serum. The test is rapid, reproducible, conven- 
ient, and sensitive- With this assay, the serum from natur- 
ally infected and immunized calves demonstrated the presence 
of antibodies early in infection and rapid increase in 
titers during the infection. Cross-reactivity of bovine 
serum with mycoplasma antigens of bovine, caprine, avian, 
and environmental sources was tested with this assay system. 
Cross-reaction was measurable in all instances, with the 
strongest reaction measured between M bovis and 

r 

agalactiae . 



INTRODUCTION 

In studies on the antibody response of cattle to Myco- 
plasma bovis , the primary pathogenic mycoplasma causing 
mastitis and other diseases in dairy cattle, tests such as 
agglutination, latex agglutination, metabolic inhibition, 
indirect hemagglutination (IHA) , growth precipitation and 
growth inhibition, double immunodiffusion, and single radial 
hemolysis were used. 1 " 15 Although the IHA test is 
considered sensitive, reliable, and highly specific, low 
titers have been demonstrated in animals not exposed to M 



bovis , and some recently infected animals may not show any 
titer. 3 / 7 

Bruggman et al"** 6 developed an enzyme-linked immuno- 
sorbent assay (ELISA) after the method of Engvall and 
Perlman^ to detect antibodies to M suipneumoniae in 
pigs. Specific antibodies were detected 5 weeks before, and 
50 weeks after, the clinical manifestation of enzootic pneu- 
monia in specific-pathogen-free pigs.~~ Since the ELISA 
method has been shown to be extremely sensitive in detecting 
specific antibodies to a variety of antigens, including myco- 
plasmas, we adapted the technique for detecting M bovis 
specific antibodies in sera of calves and cows experimen- 
tally and naturally infected with M bovis. 16 ' 18 " 20 

MATERIALS AND METHODS 

Serum Samples — Serum samples for controls and optimi- 
zation of test procedures were obtained from a cow with a 
chronic M bovis infection. Negative serum samples for 
controls and optimization testing were obtained from an 
animal with no record of having had M bovis infection. 
The ELISA was performed on sera from 12 calves (14 weeks 
old) obtained from a commercial dairy calf-rearing facility 
to measure the increase in specific serum immunoglobulin 
(Ig) levels in response to vaccination and naturally occur- 
ring infection. 
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California 201 and ether mycoplasma antigens were prepared 
as described elsewhere, and stored in 1-ml amounts (con- 
taining 1 mg of protein/ml) as determined by the Bradford 
method. 22 These were thawed, sonicated briefly , a and 
dilated 1:200 (in 0.1 M Na 2 C0 3 , 0,02% w/v NaN^ ; pH = 
9.6) as needed . 

Serotest Procedure — Serum was analyzed for M 
bovis -specif ic antibodies by IHA, as previously described, 
and the ELISA. 21 The ELISA for M bovis -specif ic IgG 
was conducted following the method of Bruggman et al."*" 6 
Test procedures were optimized as described under Results , 
using variations of the final procedure adopted as described 
herein. Briefly, 0.05 ml of antigen was incubated (in dupli- 
cate) in wells of Linbro 96-well microtitration multiwell 
olates b for 2 hours at 37 C and washed with 0.15 M NaCl 
and 0.05% w/v Tween 20. c Test serum (0.05 ml, diluted 
1:100 in phosphate-buffered saline solution [PBSS] with 
0.05% w/v Tween 20) was added, incubated 15 minutes at room 
temperature in the wells, and washed 4 times with NaCl and 
Tween 20. Next, conjugate 3 (0,05 ml", diluted 1:1,000 in 
PBSS with 0.05% w/v Tween 20) was added, incubated 15 
minutes at room temperature in the wells, and washed 4- times 
as before. After adding 0.10 ml of substrate (0.4 mM 
ABTS f e 1.5 mM ^ 2 °2 r °" 05 - citrate; pH = 4), color 
was developed for 15 minutes at room temperature, and then 
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0.20 ml of stopping reagent was added (0.1 M hydrofluoric 
acid, 0.01 M NaOH , 0.001 M EDTA; pH = 3.3) , and the 
absorbance was measured at 415 run on a Titertek 
Multiskan. b Results were expressed in terms of absorbance 
at 415 nm or in terms of an ELISA value in which the mean 
positive reference serum absorbance was set equal to l r the 
mean negative reference serum was set equal to zero (0), and 



* t * 



w-l. wuu^. ^ a^axcu cnjuutmng ca cms ^— point 

regression. Four positive and 4 negative control sera weri 
tested on each plate. 



RESULTS 

Optimization of Antigen — Earlier studies with soni- 
cated, delipidized, and sodium dodecyl sulf ate-treated 
preparations revealed sonication to be the easiest and most 
reproducible technique for the preparation of antigen (data 
not shown) . 

The optimal antigen concentration was determined by 
incubating dilutions of antigen in the plates and conducting 
the ELISA as described. Antigen (1.00 mg/ml) was diluted 
1:50, 1:100, 1:150, and 1:200 in carbonate buffer before 
application to the plate. The results are given in Table 1. 

j 

Antigen was diluted to 1:200 (= 0.25 ng/well) without signi- 
ficant loss of absorbance; therefore, this concentration of 
antigen was used in subsequent assays. 
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The optimal incubation time for antigen adsorption to 
the Microtiter plates was determined for 0,25 ng of soni- 
cated antigen/ml. Plates were prepared as indicated and 
incubated for 15, 30, 45, 60, 120, and 180 minutes. The 
ELISA was conducted and the results are given in Figure 1 # 
Incubation at 2 hours was chosen as the optimal time for 
antigen adsorption . 

Optimization of Serum — Serum was diluted 1:50, 
1:100, 1:200, 1:400, 1:800, and 1:1,600 with serum diluent, 
and the ELISA was performed. The results are shown in 
Figure 2. A dilution of 1:100 was chosen, because this 
dilution permitted differentiation of serum from an infected 
cow from serum of a noninfected cow. 

Serum incubation time was optimized by incubating the 
serum for 4, 6 f 8, 10, 15, 20, 30, 60, 90, 120, and 180 
minutes and performing the ELISA as indicated. The results 
are shown in Table 2. The 15-minute time was chosen as 
convenient, allowing adequate binding of IgG from the test 
serum to the antigen on the plate. 

Optimization of Conjugate — The optimal concentration 
of each batch of conjugate for use in the ELISA also was 
determined. The optimal dilution for conjugates used in our 

i 

laboratory have varied from 1:50 to 1:2,000 (data not 
shown) • 

The optimal incubation time for conjugate was deter- 
mined by incubating the conjugate for 6, 8, 10, 20, 30, 45, 
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60, 90, 120, and 180 minutes and performing the ELISA. The 
results are presented in Figure 3. The time of 15 minutes 
was chosen as a convenient period, after which negative and 
positive sera demonstrated recognizably different reactions. 

Optimization of Substrate — The substrate concentra- 
tion was used after the recommendation of Saunders, The 
substrate incubation times were, tested by incubating- the 
substrate for 1, 2, 4, 6, 8 f 10, 15, 20, 30, 40, and 50 
minutes and performing the ELISA- The results are shown in 
Figure 4. A 15-minute incubation period was selected, 
because it represented a convenient time which allowed 
discrimination between positive and negative test results. 

Test Precision — To test the precisian of the ELISA, 
we performed a series of replicate positive and negative 
tests, using identical reagents . The results are shown in 
Table 3. The mean positive value was 783-3 + 48.0. The 
coefficient of variation (CV) = [(SD/mean absorbance) X 100] 
for positive serum was 6.1. The mean negative value was 
175-8 + 48 . 2 (CV = 27.5) . 

Sensitivity — The sensitivity of ELISA was tested by 
performing assays on serum from naturally infected calves 
and from calves vaccinated with formalin-killed M bovis ' 
with and without adjuvants (Freund's complete and incom- 
plete). All calves were challenge exposed ( intratracheally 
and intranasally) with live M bovis . The results are 
shown in Figure 5 (the IHA titers are shown for comparison) . 



Specificity — The specificity of the ELISA was evalu- 
ated by performing assays with serum from a cow chronically 
infected with M bovis tested with antigens made from 
various species of mycoplasmas- This serum demonstrated 
ELISA reactivity with antigens prepared from M bovis , 
M aqalactiae , strain ST 6 , M mycoides var 
my co ides M bovirhinis f M gallisepticum , and 
Acholeplasma laidlawii . The results are shown in Table 
4. Reactivity above that of serum from a serologically and 
microbiologically mycoplasraa-negat ive cow was noted in all 
cases. The greatest ELISA reactivity was noted with M 
bovis and M agalactiae ■ 

DISCUSSION 

The results demonstrate that under optimal conditions, 
the ELISA is a fast, reproducible, convenient, and sensitive 
method for detecting M bovis -specific IgG in bovine 
serum. The test takes less than 2 hours to complete, and as 
many as 40 duplicate samples can be assayed on a single 
Microtiter plate, with several plates conveniently run simul- 
taneously. The ELISA compares favorably with radioimmuno- 

i 

i 

assay in terms of sensitivity and lacks the complications of 
the latter method regarding preparation, handling, storage, 
and disposal of reagents. Increase in M bovis titers 
may be demonstrated in 7 days in vaccinated calves and in 14 
days in naturally infected calves (Fig 5). Thus, ELISA may 



be useful as a mass screening technique for M bovis 
infection in dairy herds. 

The dilution of test sera for use in ELISA may depend 
on the intended use of the test. The sensitivity and specif- 
icity tolerances acceptable for use in mass screening may 
differ slighly from those acceptable in evaluating hyper- 
immune sera, and the dilution of test serum may need to be 
adjusted accordingly. We chose a 1:100 serum dilution for 
use in ELISA, because it allowed making discrimination 
between a cow infected with M bovis and a noninfected 
cow (Fig 2), and demonstrated reactivity comparable with 
that of IHA in calves with high titers of antibody (Fig 5). 

Since ELISA can detect mycoplasma- specific IgM and IgA, 

as well as IgG (data not shown), in serum and whey, an anti- 

20 

body-response profile of infected animals can be made. 
Dse of such information regarding the participation of the 
humoral response in resistance to disease will allow making 
an evaluation of both the immune status of infected animals 
and the effectiveness of vaccine preparations in eliciting a 
protective response . 

Although ELISA reactivity was noted with serum from a 
cow chronically infected with M bovis tested with anti- 
gens prepared from several mycoplasmas (Table 4), reactivity 
with M bovis antigens was considerably higher than 
reactivity with M bovirhinis or strain- ST-6 antigens. 
The greatest reactivity was noted with M agalactiae and 



16 

M bo vis , Because of the unlikelihood of a M 
agalactiae infection in cattle, cross-reactivity between 
M bovis and M agalactiae should not deter the use of 
the test- The cross-reactivity between M bovis and 
other bovine mycoplasma species needs further study. 
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Biosonic III, Bronwill Scientific, Rochester, NY. 
Flow Laboratories ,Inc , McLean, Va. 

Polyoxyethylene sorbitan monolaurate , Sigma Chemical 
Co, St Louis , Mo, 

Rabbit anti-bovine IgG-horseradish peroxidase, Miles 
Biochemicals , Elkhart, Ind. 

2 ,2 ! -azino-di-( 3-ethylbenzthiazoline-6-sulf onate) , 
Sigma Chemical Co, St Louis, Mo. 
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Figure 1. Activity of positive ) and negative (0> 

bovine sera expressed as absorbancy at 415 nm, 
as measured in the ELISA in which the time of 
antigen absorption was varied. 
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Figure 2. Activity of sera from a cow chronically 

infected with M bovis (\?) , an animal with 
M bovis mastitis (D)/ and a noniafected 
animal ( O ) expressed an absorbancy at 415 nm, 
as measured in the ELISA in which the dilution 
of serum was varied. 
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Absorbance readings of positive (^7) and 
negative (O) bovine sera subjected to ELISA at 
various conjugate incubation times. Points 
represent mean absorbance of 8 replicas. 
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Figure 4. Absorbance readings of positive (O) and 

negative (V> bovine sera subjected to ELISA at 
various substrate incubation times. Points 
represent mean absorbance of 8 replicas. 
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Measurement of M bovis specific immunoglob- 
ulin by IHA (A) and ELISA (B) . Points repre- 
sent mean of duplicate values for 3 calves; 
naturally infected with M bovis (Q) , 
vaccinated with M bovis in saline solution 
(#), vaccinated with M bovis in Freund ' s 
incomplete adjuvant (□), vaccinated with M 
bovis in Freund r s complete adjuvant {*\?) . 
A = ELISA value determined by setting the mean 
positive reference serum equal to 1, the mean 
negative reference serum equal to 0, and 
scaling the test absorbance according to this 
2-point regression. 

B = Geometric mean titer. Immunization: ST = 
skin test with 1.0 X 10 9 CFU of formalin- 
killed H bovis in 0.2 ml at 3 sites in 
prescapular region, 1° = IM and subcutaneous 
injection of 500 \xq of formalin-killed M 
bovis , 2° = subcutaneous injection of 500 
[ig of formalin-killed M bovis , 3° and 4° 
= intranasal and intratracheal infusion with 
1.5 mg of formalin-killed M bovis , and 5° 
=f intratracheal and intranasal infusion with 
9.2 X 10 10 viable M bovis in broth. 
Naturally infected calves, given 5° 
immunization only. 
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Table 4. Specificity of M bovis Positive Sera 

Tested Against Other Mycoplasmatales . 





Absorption 


at 415 nm 


Mycoplasma antigen* 


Positive 
serumf 


Negative 
serumf 


M bovis 


726 


126 


M bovirhinis 


386 


103 


ST-6 


347 


110 


M agalactiae 


705 


204 


M. mycoides var mycoides 


202 


120 


M gallisepticum 


298 


108 


A laidlawii 


217 


80 



* = Antigens (1 mg/ml) Diluted 1:200. f = Positive 
Serum from a cow with chronic M bovis infection. T 
= Negative sera from an animal with no record of 
having M bovis infection. Values are mean of 
duplicate samples. 
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PART II: A Characterization of Antigens from 

Mycoplasmas of Animal Origin 
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SDMMAHY: 

Alcholeplasma laidlawii , Mycoplasma gallisepti- 
cum > M mycoides var my co ides , M agalactiae . M 
bovirhinis, Strain ST-6, and culture medium were compared 
with M bo via by sodium dodecyl sulfate polyacryl amide 
gel electrophoresis, enzyme-linked immunosorbent assay, and 
gel electrophoresis-derived enzyme-linked immunosorbent 
assay. Sodium dodecyl sulfate polyacrylamide gel electro- 
phoresis demonstrated areas of homology and areas of hetero- 
logy among the species tested. Sera from rabbits hyper immun- 
ized with the mycoplasma and uninoculated culture medium de- 
monstrated enzyme-linked immunosorbent assay reactivity with 
M bo vis antigens immobilized on polystyrene. Absorbing 
the serum from a rabbit hyper immunized with M bovis with 
culture medium reduced 65.9% of its reactivity with culture 
medium, 29.7-32.7% of its reactivity with the heterologous 
species, and 21.1% of its reactivity with the homologous 
species. Gel electrophoresis-derived enzyme-linked 
immunosorbent assay performed on immobilized M bovis 
antigens separated by molecular weight using sera from 
rabbits hyper immunized with the mycoplasma species under 
study and uninoculated culture medium revealed antigenic 
components which are shared among species or with the 
culture medium, and several which may contain antigens 
unique to M bovis . 



38 



INTRODUCTION 

Cows infected with M bovis often develop a pronounc- 
ed immune response."*" Since pathologic processes often con- 
tinue in the presence of immune factors which may themselves 
contribute to tissue damage during infection, it is import- 
ant to characterize components which participate in immuno- 
logic recognition of M bovis . 

Immunologic cross-reactivity among members of the Myco- 

2 3. 

plasmatales is well documented. ' Antigens responsible 
for such cross-reactivity should be characterized since sero- 
logic methods used rountinely for identification of myco- 
plasmas are compromised by the limited specificity of avail- 
able reagents . 

Cross-reactvity has been detected by immunodif f u- 

& 5 6 

sion, agglutination, mycoplasmacidal assays, growth 

precipitation, two dimensional Immunoelectrophore- 
sis f 8/9 enzyme-linked immunosorbent assay (ELISA) 8 ' 10 ' 11 
and a variety of other methods. Cross-reactive antigens 
have been associated with culture medium components, with 

various members of the genus , and with other bacteria and 
5-7,9,12-14 

viruses . 

Reactivity to M bovis , Strain ST-6, M bovirhinis • 
M agalactiae , M mycoides var mycoides , M gal- 
lisepticum , and A laidlawii has been demonstrated in 
serum from a bovine infected with M bovis using 
ELISA. 10 Recently, gel electrophoresis-derived enzyme- 
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linked immunosorbent assay (GEDELISA) , which combines the 
high resolving power of sodium dodecyl sulfate polyacryla- 
mide gel electrophoresis (SDS-PAGE) to separate complex mole 
cules by molecular weight with the highly sensitive ELISA to 
detect specific antibodies, was used to characterize the im- 
munologic reactivity of M bovis antigens with bovine 
sera from 8 cows experimentally infected with M 
bovis . 

The present study was initiated to characterize M 
bovis , Strain ST-6, M bovirhinis , M agalactiae , M 
mycoides var mycoides , M gallisepticum , A laid- 
lawii, and the medium used for cultivation of the organisms 
by the following techniques; 1) SDS-PAGE, to visualize pro 
tein complexes separated by molecular weight, 2) ELISA, to 
measure the reactvity of serum from a rabbit hyper immunized 
with M bovis against whole mycoplasmal cells and unin- 
oculated culture medium immobilized on polystyrene, and 3) 
GED-ELISA, to measure the reactivity of sera from rabbits 
hyper immunized with whole mycoplasmal cells and uninoculated 
growth medium against' M bovis antigenic components separ- 
ated by molecular weight and immobilized on polystyrene. 

MATERIALS AND METHODS 

Preparation of mycoplasmal whole cell antigens — M 
bovis , Strain ST-6, M bovirhinis , M agalactiae , M 
mycoides var mycoides (large colony type), 16 and A 



laidlawii cultures were prepared from stock organisms main- 
tained in our laboratory. Mycoplasma gallisepticum was 
provided by H. E. Adler, Department of Epidemiology and 
Preventive Medicine, School of Veterinary Medicine, 
University of California, Davis. Mycoplasmal cells used in 
SDS-PAGE, ELISA, and GEDELISA analysis, and in the prepara- 
tion of antisera in rabbits, were prepared as described 

17 

elsewhere. Briefly, a cloned culture of each mycoplasma 

was used to inoculate 50 ml of biphasic mycoplasma medium 

which was then incubated for 48 hours at 37 C. The culture 

was then filtered through sterile gauze into 500 ml of 

modified Hayflick medium containing 15% horse serum. The 

organisms were recovered by sedimentation at 27 ,000 x G and 

washed 3 times in phosphate buffered sterile saline solution 

CPBSS) pH 7.2, diluted to 1.00 mg protein/ml as determined 

18 

by the Method of Bradford, and stored at -20 C in 1 ml 
aliquots . 

Preparation of antisera in rabbits — Antisera against 
each mycoplasmal whole-cell antigen, formalized by the met- 

19 

hod of Adler, were raised in rabbits- Antiserum was 

also raised in a similar manner against uninoculated culture 

medium. Methods and schedule of inoculation are presented 

20 

elsewhere. Normal rabbit serum was obtained from Anti- 
bodies, Inc., Davis, California. 

Adsorption of serum from a rabbit hyper immunized with 
M bo vis whole cell antigen was performed with medium com- 
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ponents iramobolized covalently an sepharose 4B a to remove 
antibodies reactive with culture medium. Triplicate 60-min- 
ute adsorptions were performed by a batch process following 
the recommendations of the manufacturer. 

SDS-PAGE— SDS-PAGE was performed as described by 
Laemmli using a 5% stacking and 8% running gel. 21 Analyti- 
cal gels were performed using 1.5 mm thick gel and prepara- 
tive gels were performed using a 3.0 mm thick gel. All gels 
were electrophoresed at 10 C until the dye front had migrat- 
ed 25 cm into the running gel. Protein separation was visu- 
alized with Coomassie Brilliant Blue. Molecular weights 
were calculated from standards 13 lysozyme (14,300), soybean 
trypsin inhibitor (21,000), carbonic anhydrase (30,000), 
ovalbumin (43,000), bovine serum albumin (68,000), and phos- 
phorylase B (94,000). 

SLISA — ELISA for detection of antibodies directed 
against whole mycoplasma cells and growth medium components 
was performed as described elsewhere. 10 Briefly, 0.05 ml 
of antigen was incubated in duplicate wells of Linbro 96- 
well microtiter plates c for 2 hours at 37 C and washed 
with 0.15 M NaCl and 0.05 w/v polyethylene sorbitan 
monalaurate (Tween 20). Test serum (0.05 ml, diluted ' 
1:200 on phosphate buffered saline solution (PBSS) with 
0.05% w/v Tween 20 was added. The plates were incubated for 
15 minutes at room temperature, followed by four washes. 
Next, conjugate 6 (0.05 ml, 1:1,000 in PBSS with 0.05% w/v 
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Twee.i 20) was added, incubated 15 minutes at room 

temperature in the wells, and washed 4 times as before. 

After adding 0,10 ml substrate [ 2, 2 'azino-di- 

( 3~ethylbenzthiazoline) sulfonic acid d 0.4 mM, H 2 0 2 

1.5 mM, Citrate 0.05 M, ph = 4.0], color was developed 

for 15 minutes at room temperature, 0.20 ml stopping reagent 

was added [0.1 M hydrofluoric acid, 0.01 M NaOH, 0.001 

M EDTA, pH - 3.3], and the absorbance was measured at 415 

nm on a spectrophotometer.^ 

Results are expressed in terms of absorbance at 415 nm 
or in terms of an ELISA value (EV) in which the mean posi- 
tive reference serum absorbance was set equal to one, the 
mean negative reference serum was set equal to zero, and the 
test absorbance was scaled according to this 2 point regres- 
sion. Four positive and four negative controls were assayed 
on each plate. 

GEDELISA — GEDELISA was performed as described else- 
15 

where. Briefly, 400pg M bo vis protein, California 
Strain 201, was disrupted for 5 minutes at 100 C and applied 
to a 3 ram x 14 cm x 30 cm slab gel electrophoresis unit. g 
The preparation was electrophoresed through a 3% stacking 
and 8% running gel at 10 C until the dye front had migrated 
25 cm into the running gel. The gel was then recovered and 
a vertical 15 mm x 25 cm section was cut from the gel and 
stained for protein with Coomassie Brilliant Blue. The 
remainder of the gel was cut into 50, sequential horizontal 



sections (5 mm each) and transferred to individual 12 mm x 
100 mm test tubes. The antigenic complexes were eluted with 
PBSS with 2.0 mM phenylmethyl sulf onylf luaride d and 
0.02% sodium azide. g Eluate from each tube was 
immobilized in separate wells of 96-well polystyrene plates 
and tested for reactivity with various rabbit sera by ELISA. 

Analysis — All ELISA values and graphical representa- 
tion were done with the aid of a computer , using programs 
developed at the University of California , Davis. 1 All 
statistical analyses were done on the same system using pre- 
pared programs.-' 

RESULTS 

SDS-FAGE — Results of an analytical SDS-PAGE perform- 
ed on M agalactiae , Strain St-6, M mycoides var 
mycoides , M bovis , molecular weight markers, A laid- 
lawii , M qallisepticum and culture medium are presented 
in Figure 1. No protein band was common to all species test- 
ed but areas of homology among species and culture medium 
can be observed. 

ELISA — Reactivity of serum from a rabbit hyperimmun- 

t 

4 

ized with M bovis test against whole cell antigen pre- 
pared from A laidlawii , M qallisepticum , M 
mycoides var mycoides , M agalactiae , M bovirhinis 
Strain ST-6, M bovis , and uninoculated 'culture medium is 
shown in Table 1. The greatest reactivity was detected with 



M bovirhinis antigen (EV 1.052) followed by M bovis 
(EV 1.000) , A laidlavii (EV 0. 990 ) , M agalactiae (EV 
0,941) f M gallisepticum (EV 0.916), Strain ST-6 (EV 
0.895), M mycoides var mycoides (EV 0.641), and culture 
medium (EV 0.307). When antibodies directed against compon- 
ents of the culture medium were removed by adsorption with 
medium, the greatest percent decrease in reactivity was 
noted with medium (65.9%). The reactivity with mycoplasmas 
from exogenous habitats was reduced 46.5% (M mycoides 
var mycoides ) , 40.5% (M gallisepticum ) , 32.7% (A 
laidlawii ) , and 30.9% (M agalactiae ) . The reactivity 
with mycoplasmas from the' bovine habitat was reduced 29.7% 
(Strain ST-6), 22.0% (M bovirhinis ) , and 21.1% (M 
bovis ) . 

GEDELISA — Protein visualization, fraction numbers, 
and molecular weight approximations determined for M 
bovis antigens used in GEDELISA are presented in Figure 2. 
ELISA reactivity of M bovis fractions separated by molec- 
ular weight via SDS-PAGE with antisera raised in rabbits to 
uninoculated culture medium, A laidlawii , M gallisep- 
ticum , M mycoides var mycoides , M agalactiae , M 
bovirhinis , Strain ST-6, and M bovis , and normal rab-' 
bit serum are shown in Figure 3. 

Normal rabbit serum demonstrated reactivity with frac- 
tions 40 and 49 (Fig 3D and this reactivity was detectable 
in all sera assayed (Fig 3A-I) . When test serum was omitted 



45 



entirely from GEDELISA of M bovis antigens r reactivity 
at fractions 40 and 4 9 remained (data not shown). 

Serum from rabbits hyper immunized with M gallisepti- 
cum, M mycoides var mycoides and A laidlavii show- 
ed reactivity with fractions 36, 40, and 49, and a few other 
components (Fig 3E-G) . Antiserum to A Laidlawii also re- 
cognized several high molecular weight components in frac- 
tions 2-12 (Fig 3G) . 

Antiserum to M agalactiae demonstrated reactivity 
with fractions 6, 19, 29, 32-35, and 37-38, as well as with 
fractions 36, 40, and 49 (Fig 3B) . Antiserum to M bovir- 
hinis reacted with fractions 6, 19, 33, 36,. 37-38, 40, and 
49 in a manner similar to that observed using serum of the 
rabbit immunized with M agalactiae , but it also reacted 
with fractions 9, 14, 17-18, 23-25, and 36-42 (Fig 3D). 
Antiserum to Strain St-6 reacted with fractions 6, 19, 28- 
29, 32, 36, 38, 40, 49, and a number of high molecular 
weight components in fractions 1-19 (Fig 3C) . 

High reactivity of serum from a rabbit immunized with 
M bovis occurred with fractions 5, 9, 13, 21, 25, 29, 33 , 
37, 41, 43, and 49 (Fig 3AK This serum reacted with frac- 
tions 6, 19, 2, 36, 37, 40, and 49 as did some of the hetero- 
logous antisera, but the reactivity with fractions 21, 25, 
33, and 43 was relatively unique to the homologous anti- 
serum. 



DISCUSSIOH 

Analysis of the mycoplasmas and culture medium present- 
ed this study demonstrated the iimitataions of SDS-PAGE in 
comparing relatedness of mycoplasmas using electrophoretic 
migration patterns. Although migration patterns may indi- 
cate characteristic protein profiles useful in species ident- 

i f i f i nn a Aamry ri cr +- •?- 3 f- a Vhaf nrnfoi ne -F -r- A i f f ornnf- 

species migrate similarly, statements regarding antigenic 

22 

relatedness are speculative. Mycoplasma bo vis and 
^ bovirhinis , for example , demonstrated a 48 , 000 
molecular weight protein (Fig 1) . Serum from a rabbit 
hyper immunized with M bovis was highly reactive with an 
antigen in this molecular weight range as measured by 
GEDELISA. Serum from a rabbit hyper immunized with M 
bovirhinis which contained the 48,000 molecular weight 
protein (Fig 1) was not reactive with antigens in this range 
(fractions 28-30 , Fig 3D). In addition, not all M bovis 
antigens demonstrating reactivity with homologous antisera 
appeared as proteins which could be visualized with 
Cooinassie Brilliant Blue. An M bovis antigen demon- 
strating reactivity with the homologous antiserum in SDS- 
PAGE fraction 43 (Fig 3A) by GEDELISA did not stain 
distinctly with Coomassie Brilliant Blue (Fig 2). Non- 
protein antigens have been described for a number of myco- 

3 23 

plasmas including M bovis , ' 



Reactivity of the mycoplasmas considered in this study 
with serum from a rabbit hyper immunized with M bovis , as 
measured by ELISA (Table L) , indicates that much of the 
reactivity may be due to cross-reacti vity with antigens pre- 
sent on other mycoplasmas, and more than 20% of the reactivi 
ty may be due to medium components. It is an interesting ob 
servation that antiserum raised against M bovis is more 
reactive with M bovirhinis (EV 1.052) than with M 
bovis (EV 1.00) in ELISA (Table 1) . 

The reactivity of antibodies directed to medium compon- 
ents on the mycoplasma cell can be evaluated by comparing 
ELISA reactivity to each mycoplasma species of serum from a 
rabbit hyper immunized with M bovis before and after 
adsorption with culture medium (table 1) . Adsorption remov- 
ed reactivity with medium (65.9%) to below background levels 
(EV-0.052), and removed over 30% of the reactivity with myco 
plasmas of non-bovine habitats (A laidlawii , M galli- 
septicum f M mycoides var mycoides , and M agalac- 
tiae) . Adsorption with medium removed less than 30% of the 
ELISA reactivity from species of the bovine habitat (M 
bovirhinis , Strain ST-6, and M bovis ) with homologous 
mycoplasma showing the least loss of reactivity (M bovis 
21.1%). 

The confounding influence of antibodies directed to 
antigenic component adsorbable with culture medium obscures 
the more specific ELISA reactivity between homologous 
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antigen and antisera. The nonspecific ELISA reactivity 
observed in ELISA and other serologic tests will be diffi- 
cult to overcome using antisera raised against convention- 
ally prepared mycoplasma cells grown on complex media. Sero- 
logic tests for a variety of pathogenic organisms avoid 

similar problems by utilizing species- or type-specific 

8 9 13 24 25 

reagents. ' ' ' ' The use of reagents made from 
species-specific antigens which have been demonstrated and 
characterized for several mycoplasmal species can alleviata 
this type of nonspecific reactivity. The GEDELISA 

technique may prove useful in identifying unique and 
cross-reactive antigens. 

Antigenic components derived from culture media have 
been detected and characterized for a variety of mycoplasmas 
including M bovis . 5 fl 9 24 ' 27 The GEDELISA technique 
using rabbit antiserum raised against culture medium detects 
antigenic complexes derived from growth medium present in M 
bovis (Fig 3H) • Several slow migrating components (frac- 
tions 1-33) and two of lower molecular weight are detectable 
by GEDELISA in M bovis using this antiserum (fractions 
36 and 38)* Several of these (e.g. fraction 36) are detect- 
able in M bovis by the sera submitted to GEDELISA, and ' 
thus may contribute to cross-reactivity. Two additional 
fractions (40, 49) demonstrate high ELISA reactivity, but 
are also reactive with all other sera, tested including 
normal rabbit serum (Fig 31) and are due to reactivity with 



antibodies in the goat anti-rabbit-enzyme conjugate (data 
not shown) . 

Several fractions (21, 25, 33, 43) from SDS-solubil iz 

and electrophoresed M bovis antigens demonstratd 

GEDELISA reactivity almost exclusively with the antiserum 

raised against M bovis (Fig 3A) . These may contain 

species-specific antigens of M bovis similar to antigens 

with mycoplasma species-specificity identified by other 
12 

workers. If further investigation corroborates these 
findings, improvements in the specificity of serologic 
reagents, and subsequent serodiagnosis , may be attainable. 
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a Pharmacia Inc , Uppsala , Sweden. 

Bio-Rad Laobrator ies , Richmond, Calif. 
c Linbro, Flow Laboratories Inc, Hamden, Conn, 
d Sigma Chemical Co, , St Louis, Mo. 

e Goat anti-rabbit IgG-Peroxidase, Miles Biochemicals , 
Elkhart, Ind. 

f Titertek Multiscan, Flow Laboratories, Helsinki, Finland. 
-Hoefer Scientific Instruments, San Francisco, Calif. 
Model 6700, Burroughs Corp, Detroit, Mich. 

■ 

developed by Larry Tai , Staff programmer, Division 
of Statistics, University of California, Davis. 

■ 

^Minitab II Programs, T.A. Ryan, Department of Statistics, 
Pennsylvania State University, University Park Pa. 
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Figure 1. Sodium dodecylsulphate polyacrylamide gel 

electrophoresis of mycoplasmas, culture medium, 
and molecular weight markers: A) M agalactiae , 
B) Strain ST-6, C) M mycoides var mycoides , 
D * M bovis , E) Molecular weight markers, P) M 
bovirhinis , G) A laidlawii , H) M 
gallisepticum , and I) uninoculated culture 
medium. 
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Figure 2. Sodium dodecylsulphate polyacrylamide gel 

electrophoresis (SDS-PAGE) of M bovis . A) 
Molecular weights (xlO 3 ), B) SDS-PAGE stained 
with Coomasie Brilliant Blue, and C) Fraction 
number used for GF.DELISA. 



60 




61 



Figure 3. Gel electrophoreis-der i ved enzyme-linked 

immunosorbent assay (GEDELISA) results from the 
sera of nine rabbits tested for reactivity with 
disrupted M bovis components separated by 
molecular weight using SDS-PAGE. Profiles were 
obtained from rabbits hyper immunized with: A) M 
bovis, B) M aqalactiae , C) Strain ST-6, D) 
M bovirhinis , E) M mycoides var mycoides , 
F) M gallisepticum , G) A laidlawii , H) 

uninoculated culture medium, and I) normal rabbit 
serum. 

*ELISA value determined by setting the mean positive 
reference serum absorbance equal to one and the mean 
reference negative serum absorbance equal to zero f and 
sealing the test absorbance according to this two-point 
regression . 

+SDS-PAGE = sodium dodecylsulphate polyacrylamide gel 
electrophoresis 
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PART III: Gel Electrophores i s-Deri ved Enzyme-Linked 

Immunosorbent Assay on Serum from Cows 
Resistant to and Cows Susceptible to 
Challenge Exposure with Mycoplasma 
bovis 
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SUMMARY 

The gel electrophoresis-der i ved enzyme-linked immuno- 
sorbent assay (GED-ELISA) technique combines the high 
resolving power cf sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) to separate complex molecules by 
their molecular weights, with the high sensitivity of the 
EL IS A to detect specific antibody. Sera from 4 cows that 
demonstrated resistance to challenge exposure and 4 cows 
that were susceptible to challenge exposure with live 
virulent Mycoplasma bo vis strain 201 were subjected to 
GED-ELISA to determine reactivity with M bovis antigenic 
components separated by SDS-PAGE • The GED-ELISA mean 
reactivity of sera from the 2 groups did not differ signifi- 
cantly (P=0.17) when subjected to analysis of variance. 
Sera from both groups recognized distinct fractions of M 
bovis. 



INTRODUCTION 

Mycoplasma mastitis was first diagnosed in California 
1 

in 1964 and has since been spreading there and in other 
2 3 

states, ' Mycoplasma bovis , the most common cause of 

2 

mycoplasma mastitis , may be an important pathogen in 

4-6 

other bovine disease. Because treatment has been inef- 

7 

fective in controlling mycoplasma mastitis, recognizing 
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and eliciting protective immunity are primary research objec- 
tives . 

Characterization of the humoral serum response has been 

8 8 
studied by agglutination, latex agglutination, meta- 
bolic inhibition, 9 ' 10 indirect hemagglutination (IHA), 11 
growth precipitation and growth inhibition, double 
immunodiffusion, 12 ' 15 and single radial hemolysis. 16 

Although IHA has been demonstrated to be a sensitive and 

7 11 

reliable test, ' IHA titers do not correlate well with 

17 

resistance to infection. To date, no test serves as a 

reliable indicator of current infection or state of resis- 

2 

tance or immunity. Recently, an enzyme— linked immunosor- 
bent assay CELISA) to detect M bovis specific antibodies 

18 

was developed, but studies correlating ELISA titer to 
resistance to infection are incomplete. 

Sodium dodecyl sulfate polyacrylami.de gel electrophor- 
esis (SDS-PAGE) , with its ability to resolve complex pro- 
teins by molecular weight, has been combined with several 

immunochemic techniques, such as crossed immunoelectro- 

19 20 
phoresis r immunoreplicate electrophoresis, imrnuno- 

21 22 
fluorescence, and immunoperoxidase, to analyze the 

antigencity of complex antigens. The SDS-PAGE gives good 

resolution of mycoplasma organisms and has been used to 

detect interspecies differences of isolates from several 

23-27 

host species. The results of 30 mycoplasma isolates 
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i 



from cattle performed in our laboratory suggested 8 or 9 

28 

distinct strains. 

Recently, the high resolution of mycoplasma components 
on SDS-PAGE has been combined with the sensitive ELISA 
technique to produce the gel electrophoresis-der ived (GEO) 
ELISA to characterize M suipneumoniae antigens.^ 9 

The purpose of the present study was to characterize 
the serum immunoglobulin (Ig)G response to M bovis by 
GED-ELISA and to determine whether the technique could 
detect differences in the immune responses of animals with a 
history of M bovis infection. Cows that demonstrated 
resistance to challenge exposure were compared with cows 
that were susceptible to challenge exposure with M 
bovis ■ If the serum IgG response to various antigens 
differed systematically with resistance and susceptibility, 
antigens that are important in developing protective humoral 
immunity could be identified. 

MATERIALS AND METHODS 

Cows — Eight lactating cows were obtained from various 
dairies in California and were transported to the experimen- 
tal animal facility at the University of California, Davis. 
The cows, experimentally or naturally infected, were chal- 
lenge exposed 3 times by intramammary injection of viable 
M bovis strain California 201. Microbiologic culture 
and serotest results and classification of animals as resis- 
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tant or susceptible to challenge exposure have been 

17 

described. Sera from 4 cows (8, 6, 3634 , and 20) judged 

resistant to challenge exposure and 4 cows (809, 948, 4213, 

and 58) judged susceptible to challenge exposure were 

submitted to GED-ELISA. 

Antigen — The M bovis strain California 201 was 

prepared as described elsewhere^ and the protein was 

determined by the method of Bradford.^ 

GED-ELISA — The SDS-PAGE was performed as described by 
32 

Laemmli . Briefly, 100 \iq of protein of M bovis 
strain 201 was disrupted for 5 minutes at 100 C and was 
loaded on a 3-mm X 14-cm X 30-cm vertical slab gel-electro- 
phoresis unit. a The M bovis antigen preparation was 
run through a 5% stacking and 10% running gel at 10 C until 
the dye front migrated 25 cm into the running gel. The gel 
was then recovered and a vertical 15 -mm X 25-cm section was 
cut for staining with Coomassie brilliant blue. Molecular 
weights were approximated by comparing the stained gel with 
the protein-migration pattern from an SDS-PAGE in which M 
bovis was electrophoresed in parallel with molecular 
weight standards [lysozyme (14,300), soybean trypsin 
inhibitor (21,000), carbonic anhydrase (30,000), ovalbumin 
(43,000), bovine serum albumin (68,000) and phosphorylase B 
(94,000)]. The remainder of the gel was cut into 50 sequen- 
tial, horizontal sections (5 mm each)- and was transferred to 
individual 13-mm X lOO-mm test tubes. The protein was 
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eluted with phosphate-buffered saline solution (PBSS) with 
2 mM phenylmethyl sulf onylf luor ide and 0.02% sodium 
azide. 

The ELISA was performed as described elsewhere. 18 ' 33 
Briefly, 0.05 ml of each SDS-PAGE fraction was incubated in 
duplicate wells of 96-well Microtiter plates d for 2 hours 
at 37 C and the plates were washed with 0.15 M NaCl and 

n fm 9b w / I 1 woo n OH Tiaef e^r- nm f fi n C, m 1 1 .1 fin ,*„ rrn r- r- 

with 0,05% Tween 20) was added, incubated 15 minutes at room 
temperature in the wells, and washed 4 times as described. 
Next, conjugate e (0.15 ml, 1:1, 000 in PBSS with 0.05% w/v 
Tween 20) was added, incubated 15 minutes at room tempera- 
ture in the wells, and washed 4 times as before. After addi- 
tion of 0.10 mi of substrate [ 2 , 2-azino-di-C 3-ethylbenzthia- 
zoline sulfonic acid) c 0.04 mM, 1-5 mM, 

citrate 0.05 M, (pH = 4)], color was developed for 15 
minutes at room temperature, 0.20 ml of stopping reagent was 
added [0.1 M hydrofluoric acid, 0.01 M NaOH , 0.001 M 
EDTA (pH = 3.3)], and the absorbance was measured at 415 nm 
on a spectrophotometer.^ 

Results are expressed as ELISA value. This was deter- 
mined by se-ting the mean positive reference serum absor- 
bance equal no 1, the mean negative reference serum absor- 
bance equal to 0, and scaling the test absorbance according 
to this 2-point regression. Four positive and 4 negative 
controls were run on each plate. 



70 



Analysis — All ELISA values and graphic representa- 
tions were done with the aid of a computer,^ using 
programs developed at the University of California , 
Davis. All statistical analyses were done on the same 
system, using prepared programs, 1 

RESULTS 

cnc — n 7\ nT? cnc — Dat^P r\ f M VinTri e cf rai n 

stai ned for protein is shown in Figure 1 , with the 
corresponding fraction number used in the ELISA and 
approximate molecular weights cf immunologically reactive 
fractions - 

GED-ELISA — Figure 2A represents the mean GED-ELISA 
results from 4 cows judged resistant to experimental chal- 
lenge exposure with M bovis strain 201- Figure 2B 
represents the mean GED-ELISA results from 4 cows judged to 
be susceptible to experimental challenge exposure. An obser- 
vation of the difference between the 2 groups in mean ELISA 
value for each SDS-PAGE fraction (data not shown) reveals 
that fractions 10, 12, 13 , 15 , 20, 22, 26, 27 , and 29 showed 
differences between resistant and susceptible cows of > 0,05 
ELISA value units. Fractions 12 and 27 showed a disparity > 
0.10 ELISA value units between groups. The mean GED-ELISA 
results (Fig 2) demonstrate that fractions 4, 10, 13 to 15, 
18 , 20 , 25 to 27, 31, and 33 contain antigenically reactive 
components of M bovis separated by SDS-PAGE. 
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Analysis — The data were sujected to a 2-way analysis 
of variance (AN OVA) to examine the significane of differ- 
ences among the first 35 GED-ELISA fractions (Table 1) , and 
between the 4 cows demonstrating resistance to experimental 
challenge exposure (20, 8 # 6, and 3634) and 4 cows demonstra- 
ting susceptibility to experimental challenge exposure (809, 
4213, 948, and 58). Variance due to SDS-PAGE fraction was 
significant (? < 0.001), variance due to resistance status 
of the animals was not significant (P = 0.17), and variance 
due to the interaction of these 2 levels was not significant 
( P > 0 . 25 ) . 

DISCUSSION 

The GED-ELISA technique demonstrates recognition of M 
bovis strain 201 antigenic components separated by SDS- 
PAGE. At least 3 major antigenic components (fractions 13 
to 15, 20, 25 to 27) and 5 minor antigenic components (frac- 
tions 4, 10, 18, 31, 33) were recognized in the 8 cows 
studied in this experiment (Fig 2) . The molecular weights 
of immunologically reactive fractions were approximately 
21,000 to 137,000 daltons (Fig 1 and 2). 

Genetic composition, state of stress, state of preg- 
nancy and lactation, age, specific immunologic tolerance or 
suppression, and a myriad of other factors may affect the 
GED-ELISA pattern in an individual animal. Fingerprinting 
the immune response by GED-ELISA may be valuable in 
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characterizing and evaluating the immune response to M 
bovis under a variety of conditions. 

A comparison of cows resistant to experimental chal- 
lenge exposure with M bovis with those susceptible to 
experimental challenge exposure by ANOVA showed that the 2 
groups did not differ significantly in their mean GED-ELISA 
values (Table 1) . There are several plausible explanations 
for this observation. Because immunologic differences 
between susceptible and resistant animals are not known in 
the case of bovis infections, determination of 
adequate sample size (n) is difficult. Mean GED-ELISA 
differences among groups is relatively small f compared with 
mean differences among fractions (Fig 2), and larger numbers 
of animals may have to be assayed to judge the importance of 
these smaller differences in a more realistic way. The 
confounding effects of age r genetic composition, state of 
pregnancy and lactation, and state of stress have not been 
evaluated and were not studied in this analysis. Individual 
variation in GED-ELISA responses may obscure real differ- 
ences between resistant and susceptible animals which may be 
more subtle. 

When examining the differences in antigenic recognition 
between 2 groups of animals, the state of the antigen used 
in the assay is critical. Strain 201 used in this GED-ELISA 
is a laboratory strain passaged many times in artificial 
medium. Although the resistance status was determined by 
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experimental challenge exposure with strain 201 , resistance 

to field strains under field conditions may be different. 

It is not known if immunologically important M bovis 

antigens are altered during SDS-PAGE, if they are eluted 

from the gel, or it they stick to the plastic. Thus, GED- 

ELISA, although sensitive in detecting some antigens, may 

overlook those important in resistance. 

The present study examined the serum IgG GED-ELIS A 

response. Other classes of serum antibody, and specificity 

and antibody classes produced at local sites are probably 

more important in resistance to infection by individual 

2 

lactating quarters than is serum IgG. Although specific 

antibody must be present for phagocytosis of M bovis by 

neutrophils and macrophages and increased antibody 

values are high in protected quarters of lactating cows, 35 

the cell-mediated arm of the immune response has been associ- 

2 7 

ated with state of resistance ' and may ultimately have a 
dominant role in protective immunity. In this case, true 
differences in resistance or susceptibility might not be 
expressed in the humoral immune response. 

The GED-ELISA provides a method for separating and 
identifying antigenic components of M bovis. Further 
studies into the mycoplasmacidal abilities of antiserum 
raised against individual fractions may reveal their immuno- 
logic importance. Specific antibody that is increased in 
protected quarters appears necessary to efficient reticulo- 
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■j i • i jz„„„i- 34-36 Chemical and biological charac 
endothelial function, ^ 

terization of antigenic components may reveal their func- 
tional role in the mycoplasma cell. 
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Hoefer Scientific Instruments, San Francisco, Calif. 

Bio-Rad Laboratories, Richmond, Calif. 

Sigma Chemical Co, St. Louis, Mo. 

Linbro, Flow Laboratories Inc, Hamden, Conn. 

e Rabbit anti-bovine IgG-peroxidase , Miles Biochemicals 
.Elkhart, Ind. 

f 

Titertek Multiscan, Flow Laboratories, Helsinki, 
Finland . 

g Model 6700, Burroughs Corp, Detroit, Mich, 
h 

Developed by Larry Tai , staff programmer, Division of 
Statistics, University of California, Davis. 

Mini tab II Programs, T. A. Ryan, Department of 

Statistics, Pennsylvania State University, University 
Park, Pa. 
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Approximate molecular weight of GED-ELISA 
fractions . 

The SDS-PAGE (10%) of M bovis strain 201 
stained with Coomasie brilliant blue. 
The GED-ELISA fractions. 
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Figure 2. Composite graphs o£ the mean GED-ELISA results 

from cows 6, 8, 20 r and 36 34 resistant to 
experimental intramammary challenge exposure 
with M bovis strain 201 (A) and cows 58 , 
809, 948 , and 4213 susceptible to challenge 
exposure ( B ) , The SDS-PAGE fraction is plotted 
against the ELISA value. See text for 
determination of ELISA values. 
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PART IV: Prevalence of Mycoplasmas and Immune 

Response to Mycoplasma bovis in Feedlot 
Calves 



I 



33 



SUHNARY 

Microbiologic culture, cytologic, and immunologic obser- 
vations were made oa 30 calves. The eyes, nares, and 
bronchio-alveolar region were cultured for mycoplasmas . 
Four of 30 eye cultures, 15 of 30 nasal cultures, and 25 of 
30 bronchio-alveolar cultures from the thirty calves were 
positive for mycoplasmas. Mycoplasma bovis and M 
bovirhinis were the most prevalent species . Cytology of 
peripheral blood and bronchio-alveolar washes did not 
suggest pathologic changes. Indirect hemagglutination, 
enzyme-linked immunosorbent assay, lymphocyte stimulation 
tests on peripheral blood cells, and skin testing demon- 
strated only a low prevalence of immune recognition of M 
bovis. The natural infection and immune response of 3 
calves was followed for 10 weeks before and 4 weeks after 
intratracheal administration of live M bovis . 



INTRODUCTION 

Mycoplasmas are responsible for a number of diseases in 

dairy cattle. M bovis has been isolated from the 

supramammary lymph nodes , liver, blood f joints, kidney, 

spleen, lungs and fetus of cows with M bovis infection 

2 

in the mammary gland. M bovis has been isolated from 
the respiratory tract of cattle with and without signs of 
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respiratory disease, and it induces subclinical pneumonia in 

3—10 

gnotobiotic calves • The respiratory tract of carrier 

animals may serve as a natural reservoir of M bovis. 11 

Previous infection with some pathogenic mycoplasma in 

the respiratory tract may confer protection from subsequent 

12—17 

infection. Experimental systemic and respiratory 

inoculation with M bovis results in a number of measur- 
able immunologic responses . but immunologic evidence of 
natural M bovis infection in calves is equivocal . ^"^O 

The present study was undertaken to investigate the 
prevalence of mycoplasma in the eyes, nose, and bronchio- 
alveolar region of healthy' calves and to measure the level 
of local and systemic immune recognition present in calves 
naturally infected with M bovis. 



MATERIALS AND METHODS 

Experimental Animals - Thirty Holstein-Friesian steer 
calves approximately 14 weeks of age were obtained from a 
commercial calf rearing facility. At the time of selection 
all calves were culture negative in the nasal passages for 
M bovis , and had low serum antibody reactivity to W 
bovis as measured by enzyme-linked immunosorbent assay 
(ELISA) . The calves were transported to the Animal Resource 
Service facilities at the University of California f Davis, 
and assigned at random to experimental groups. All calves 
showed normal temperatures, normal total and differential 
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white blood cell counts, and good health at all times of 

observation. They were returned to production at the end of 

the experiment. 

Three calves were selected to be retained for 14 weeks 

for cultural and immunological observations. Three other 

calves were selected for vaccination with formalin killed M 

bovis in Freund's complete adjuvant (FCA). These calves 

were immunized intramuscularly and subcutaneously (SO with 

500 \xq protein from a formalin killed M bovis culture 

at week 2, SC with 500 \iq M bovis protein at week 6, 

and intranasally (IN) and intratracheally (IT) with 1.5 mg 

M bovis protein at weeks 8 and 9. The immune status of 

all 6 animals was challenged by experimental exposure to 9.2 

x 10 i0 c.f.u. M bovis IN and IT at week 10. Cultural 

and immunologic observations were made on these 3 naturally 

infected and 3 vaccinated animals for a total of 14 weeks. 

Samples — Eyes and nares were swabbed with sterile 

cotton tipped applicators, incubated overnight in enrichment 

broth, and cultured on agar for mycoplasma as previously 

21 

described . 

Nasal aspirate for serology was obtained by applying 
sterile gauze to the nasal passages of the calves. When the 
gauze was sufficiently moist it was retrieved and the fluid 
extracted by compressing the gauze in a 6 ml syringe. 
Approximately 2 ml of sample was obtained. Fifty \xl of 
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thintersol (10 mg/mlj was added to the sample in sterile 
screw cap vials which were then stored at -20°C. 

Bronchio-alveolar region (BAR) lavage samples were 
obtained through a number 5 French catheter which was intro- 
duced into the BAR through a sterile 14 gauge x 2.5" intra- 
venous cannula 3 placed between the tracheal rings using 
sterile surgical procedure. Twenty ml of physiologically 
buffered sterile saline (PBSS) was introduced through the 
catheter using a 30 ml syringe, and the fluid was aspirated 
immediately. In most cases, 5-10 ml of BAR lavage fluid was 
recovered for microbiological, immunological, and 
cytological examination . 

Blood was obtained by jugular venipuncture using 10 ml 
Vacutainer tubes. Samples for serology were collected in 
Serum Separation tubes . The serum was separated as 
directed by the manufacturer, placed in screw cap vials, and 
frozen until use. Samples for total white blood cell count 
and lymphocyte stimulation test were collected in tubes 
containing 15,0 mg EDTA. 

Microbiology — Bacterial culture was performed on 

blood agar plates using standard microbiological 

22 

procedures . 

Culture for mycoplasma was performed using modified 

Hayflick broth medium with 27% (w/v) 1 M K 2 HP0 4 buffer 

2 1 

and 15% horse serum. Agar medium was prepared by the 
addition of 1.4% (w/v) agar. Recovered mycoplasmas were 
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characterized by species using the agar block fluorescent 

23 

antibody technique. 

Cytology — Total white blood cell counts were 
performed by Coulter count as specified by the manu- 
f acturer . Differential white blood cell counts were 
performed using C AMCOQ 0 1 CK ST A I N using standard 
procedures. Cytological analysis of BAR cells were per- 
formed on samples layered on glass slides using a 
cytof uge . e The cells were fixed in ethanol , stained with 
Wright-Leishman stain , and examined by light microscopy . 

Serology — Serum was analyzed for M bovis specific 

antibodies by indirect hemagglutination ( IHA) as previously 

2 4 25 

described and by the ELISA. ' The ELISA for M bovis 

26 

specific IgG was performed as previously described . 
Results were expressed in terms of ELISA value in which the 
mean positive reference serum absorbance was set equal to 
one, the mean negative reference serum absorbance was set 
equal to zero, and the test absorbance was scaled according 
to this 2 point regression. Four positive and four negative 
control replicates were assayed on each plate. 

Serum ELISA IgM and IgA values were determined 
similarly, with the following modifications. Values for M 
bovis specific IgM were determined using our own conjugate 
made from guinea pig anti-bovine IgM serum prepared by Dr. 
E. J, Carroll, Clinical Pathology, Veterinary Medicine, 
University of California, Davis, using the IgG fraction 
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purified by ion exchange ( DEAE-Sephecel) and conjugated 
to horseradish peroxidase (Type VI). g Values for M 
bovis specific IgA were determined by applying rabbit anti- 
bovine IgA (0.05 ml diluted 1:8 00 in PBSS with 0.05% Tween 
20) after washing the test serum from the wells. After a 15 
minute room temperature incubation followed by four washes , 
goat anti-rabbit IgG conjugated to horseradish peroxidase^ 1 

/H flC rtil Ailn+aA l.flfin in DPCQ ui'fh H 0^4 Tuap n Jf\) uac 

added and allowed to incubate for 15 minutes at room temper- 
ture. After washing four times, the color was developed , 
and the absorbance measured at 415 nnw Data are presented 
as the M bovis specific IgM and IgA ELISA values as 
previously described for IgG . 

Lymphocyte Stimulation Test (LST) — Blood was 
collected and the lymphocytes were prepared for culture as 

27 

described elsewhere. A 0.2 ml aliquot of lymphocyte 
suspension was applied to wells of sterile 96 well micro- 
titer tissue culture plates 1 and a 0.025 ml aliquot of 
mitogen (Phytohemagglutin 400 pg/ml, or Concanavilin A 

0 

200 ^g/ml g ) , antigen (M bovis strain 201, 1 x 10 
heat killed colony forming units/ml) , or medium was added. 
The cultures were grown for 72 hours at 37° C in a humid- 
ified 5% CO^ atmosphere. Eighteen hours before harvest 
0.025 ml of tritium- labeled thymidine (12.5 M Ci/ml)- 1 was 
added. The cells were harvested on a Titertek cell 
harvester^ and the counts per minute (CPM) determined by 
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liquid scintillation. The data are expressed as mean CPM 

or as the mean stimulation index (S.I. = CPM stimulated 

culture -s- CPM control cultures) of triplicate cultures. 

Skin Test — Slcin sensitivity to M bovis was 

performed on the lateral aspect of the neck as described 

27 

elsewhere. Antigen (0.2 ml) was injected intradermally 

at 3 sites using a 12.5 mm x 25 gauge needle. Reactions 

v/srs detarmined with standard vernier calipers by measuring 

skin-fold thickness in millimeters at 4 f 12, 24 , 48 , and 72 

hours. Calves observed for 14 weeks during natural infection 

and challenge were skin tested with PBSS until week 14 when 

the skin test was performed as described above. 

Statistical Analysis — Stepwise multiple discriminant 

analysis was performed on the infection status and immune 

recognition measurements from the 30 calves using the 

28 

statistical method of Jennrich and Sampson. 
RESULTS 

Microbiology — A total of 90 initial culture examina- 
tions for mycoplasmas were conducted; one for each of the 30 
calves from the eyes, nares , and BAR (Table 1). Four of the 
30 calves were culture positive in the eyes (M bovis 2, 
*1 bovirhinis 1, untyped 1) r 15 calves were culture posi- 
tive in the nares (M bovis 6, M bovirhinis 11, and 
untyped 1) , and 25 calves were culture positive in the BAR 
{ M bovis 14, M bovirhinis 10, untyped 3). 
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M bo vis and M bovirhinis were the predominant 
mycoplasmas, M bovis being found primarily in the BAR 
while M bovirhinis was found mostly in the nares. This 
pattern was confirmed by mycoplasma culture results from the 
3 naturally infected calves which were observed for 14 weeks 
(Table 2). In fifteen BAR , 42 nasal, and 42 eye cultures 
taken during 14 weeks of observation M bovis predomi- 
nated in the BAR, while M bovirhinis predominated in the 
nares. M bovis was present in 12 (80.0%) BAR cultures, 
11 (26,2%) nasal cultures, and 2 (4.8%) eye cultures. M 
bovirhinis was present in 6 (40,0%) BAR , 18 (42.9%) nasal, 
and 2 (4.8%) eye cultures. Only three mycoplasma cultures 
from the nares could not be typed as M bovis , M bovir- 
hinis , M canadense or A laidlawii . 

Bronchio-Alveolar Region Lavage Cytology — The predomi- 
nant cells were non-degenerated neutrophils and alveolar 
macrophages. Some epithelial cells were present. Occasion- 
ally, eosinophils, lymphocytes and basophil/mast cells were 
found. There were no discernible differences in cytology 
between samples that were positive and those that were nega- 
tive for mycoplasma or between samples from control and vac- 
cinated calves. 

Serum Antibody Response — The initial antibody recogni- 
tion of M bovis for 30 calves as measured by indirect 
hemagglutination (IHA) and ELISA, and the culture results 
for M bovis is summarized in Table 3. The log IHA 
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titers ranged from 1.60 2 to 3.107 (mean = 2.023), IgM ELISA 
values ranged from 0.000 to 0.260 (mean = 0.148), IgG ELISA 
values ranged from 0.000 to 0.480 (mean = 0.138), and IgA 
ELISA values ranged from 0.000 to 0.430 (mean = 0.129). 

The 3 naturally infected calves and the vaccinated 
cohort calves demonstrated specific, serum antibody 
responses as measured by IE A, and ELISA reactivity for IgM 
and IgG during the 14 weelcs of observation (Fig 1A,1B,1D). 
The serum IgA response as measured by ELISA was low in natur 
ally infected calves even after challenge with live M 
bovis at week: 10 in contrast to the response in vaccinated 
cohorts (Serum IgA ELISA reactivity is presented in Figure 
ID with serum IHA results for clarity of presentation) . 
Serum IHA antibody titers of the 3 naturally infected calves 
did not rise until the fourth week of observation (Fig ID) . 
The mean response leveled above 1:1280 at week 8 and 
produced an anamnestic response to challenge exposure after 
the 11th week. The response of naturally infected calves 
never reached the levels of vaccinated cohorts. The serum 
IHA responses of naturally infected calves and vaccinates 
were similar until the 7th week, when the vaccinates 
developed an anamnestic response to secondary systemic admin 
istration of antigen. The specific serum IgG reactivity of 
vaccinates rose markedly above those of naturally infected 
animals from the 6th week (Fig IB) , and IgA followed suit in 
the 10th week (Fig ID) . 



I 
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- f . r -.^ T .H^v Response-The antibody recognition 
of H bovis in nasal and BAR lavage fluid sampled at one 
time for 30 calves as measured by ELISA is surprised in 
Table 3. In nasal secretions the IgH HXISA values ranged 

« / - n m?i IaG ELISA values ranged 

from 0 -000 to 0-300 (mean - 0.032), ig<» * 

n nAn\ and IqA ELISA values 
from 0-000 to 0-200 (mean = 0.042), and ig A 

, _ n tqi ^ Tn BAR lavage 

ranged from 0.000 to l.isu " — - - 

th e IgM ELISA value, ranged from 0.000 to 0.480 (mean = 
„ 041.. the IgG ELISA value, ranged fro* 0.000 to 0.290 
(ale an - 0.036). and the I,* ELISA values ranged fro- 0.000 

to 1.030 (mean =0-230)- 

The mean IgH, IgS and IgA ELISA -lues for nasal fluids 
£M the 3 naturally infected cal.es followed for 14 weefcs 
during infection and their vaccinated cohorts revealed no 

„, H , ra 11v infected animals (Fig 1A 
IgM or IgG response in naturally inrec 

mse from the first observation 
and IB). The IgA reactivity rose tram 

• nnt-iL the 10th week (Fig 

and was comparable to vaccinates until tne 

1C > . The maximum ELISA IgA reactivity for the natural elec- 
tion cohort was observed at the fourth wee* and generally 
deciined after that. Antigenic competition with infecting 
mycoplasmas . the short half life of IgA at mucosal sites . 
sampling difficulties, and individuality of calf responses 
probably contributed to the variability observed in the 
nasal IgA levels . Serum IgA levels did not rise until the 

«i To a levels rose continually during 
6th week, whereas nasal IgA levexs r 

the 1st month in naturally infected calves. 
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£c o* the 3 naturally infected calves and the vaccinated 
Mtet durinc five oeriods of the 14 weeks of observation 
showed a low ! 9 » and I* response ,.1, l» - IB, . The 
orally infected calves showed an early rise in I,x levels 

, , hut declined gradually following the 

which remained elevated but aecxine y 

- j rwirt ir) The vaccinated cohort 
second observation period (Pig 1C) - 

^de no BAR X* response until the 10th «eek of observation 
at which time th. full vaccinal protocol had been coveted. 
At wee, 10 and for the following -nth the BAR Ig* response 

remained markedly elevated. 

,<=o in skinfold thickness of the 
Skin Test — The increase in skiniox 

, e ™ n n rn 14.0 nil (mean = 2.9) at 
calves (Table 4A) ranged from 0.0 to 14. 

f Man - 1 4) at 12 hours, 0.0 to 15.0 
4 hours, O.O to 9.0 mm (mean - 1.41 a 

(mean - 1 5) at 24 hours, 0-0 to 5.0 nun (mean = 0.5) at 
mm ( mean - J. - -» ' 

a n 0 to 0 5 mm (mean = 0.2) at 72 hours. 
48 hours, and 0.0 to u.a «"» 

The mean increase in skinfold thickness of the 3 
rurally infected calves and the vaccinated cohort at the 

. a of 14 weeks of observation (Table 4B) 
beginning and end of 14 weeKS o 

- na ,„rallv infected animals develop little 
demonstrates that naturally 

, no de i aV ed reaction compared to vaccinated 
immediate and no delayed re<^ 

animals . 

• i Test— The results of lympho- 

r.ym phocvte et - im " 1atlon Test 

•-w m hovis Con A and PHA are sumraar- 
cyte stimulation with M bovis, 

„ n f Qfimulation indices for M 
i2 ed in Table 3. The range of stimuiati 

t\ The stimulation 

bovis was 0.19 to 3.95 (mean =0.758). 
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indices for PHA ranged from 0.22 to 96.46 (mean = 12.115); 
for Con-A ranged from 0.64 to 220.58 (mean = 38.105). 

The mean initial blastogenic- response of the 30 calves 
(Table 3), and the mean initial and final responses of the 3 
naturally infected calves and the vaccinated cohort (Table 
5) show that peripheral blood lymphocytes are generally 
stimulated by Con-A and PHA and suppressed "by M bovis 
compared to control cultures. The stimulation indices indi- 
cate that lymphocyte cultures were stimulated less by mito- 
gens and M bovis antigen compared to control cultures 
after 14 weeks than they were initially. There is consider- 
able variation between animals, and the lymphocyte responses 
of naturally infected and vaccinated groups are generally 
similar. 

Statistical Analysis — Response variables submitted to 
stepwise discriminant analysis were IHA, serum IgM, serum 
IgG, serum IgA, nasal IgM, Nasal IgG, nasal IgA, BAR IgM, 
BAR IgG, BAR IgA, and the stimulation indices of lymphocytes 
cultured in the presence of M bovis , PHA, and Con-A. 
Table 3 shows the mean immune response measurements for 16 
calves with positive culture results and 14 calves with nega- 
tive culture results for M bovis . Using a discrimina- 
tion level of F. = 4.000, IHA is the only response variable 
which permits significant discrimination and is highly 
correlated with specific IgM ELISA reactivity. IHA discrim- 
inated between calves culture negative and culture positive 
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._ • in «.v„» eves, nares and BAR with 73.3% 
for M bovis m the eyes , "»•>■ « 

acc ; Eioy . When the analysis is repeated as above with s*in 
te st results from 27 calves .data not shown,. IHA renins 
t „e only 1— • -.BO.- variable which discriminates 
between the two groups . with an accuracy of 70 . 4% . 



DISCUS5IOK 

; mni i rated bovis as an agent 
Several studies have implicated ca u 

o£ respiratory disease in calves, and subclinical lesions 
ha ve been observed in gnotobiotic calves as a result of 
experimental infection with a number of mycoplasma 

3,4,8,29 &paEt £rom M mvcoides subsp 

hovine mycoplasmas. 30 * number of workers have made 
concentrated efforts to induce protective immunity to K 
bovi3 by various means and determine factors active rn 



31-34 

resistance. 



This observational study describes the inonunologic 

. nJ , H . ral . m bovis infection in which the 
responses to natural m dov__ 

vnown The fact that 
duration and route of exposure are not known. 

.. • «T-i«inallv culturally negative in 
all 30 calves were twice originally cui 

t he nares and did not have elevated levels of M bovis 
specific serum IgG as measured by ELISA seems to indicate 

■ „ i. the calves was either recent 
that the infection occurring in the caiv 

or . condition in which a latent J. bovis infection in 
t „e respiratory system became generalised due to the 
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stress of transport and manipulation. In either case the 
generalized infection and the immune response seem to be 
recent events as evidenced by the rise in antibody levels in 
later observations. Stress has been shown to predispose 
animals to infecting microorganisms and is strongly impli- 
cated in M bovis respiratory disease. 3,4,35 

uau vxo/juj or the respiratory tract samples 

obtained during the initial observation (Table 1) , and those 
from all 3 naturally infected and vaccinated calves observed 
for an additional 14 weeks were culture positive for M 
bovis. During this time, cultures for bacterial pathogens 
from the same samples were negative, and the calves showed 
no clinical manifestation of respiratory distress as indi- 
cated by behavior, coughing, rectal temperature, or blood 
and bronchio -alveolar cytology (data not shown). M 
bovis, although extremely pathogenic in mammary tissue, 
gave no evidence of clinical pathogenicity in the 
respiratory tract of these calves. Polymorphonuclear 
leukocyte infiltration is observed in M bovis infections 
of the respiratory tract and mammary gland, and was seen in 
the BAR lavage cytology in this study. 34 ' 36 Eosinophils, 
sometimes reported in mammary infections, were detected only 
occasionally in BAR lavage cytology in this study. 34 ' 37 

Since the microbiologic history of these calves is not 
known they may have been immunized by previous antigenic 
exposure. This type of protective immunity has been 
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■ ; /-»n <= in mice in which 

observed with M pulmonis infection, in mice 

initial exposare produced disease, but subsequent infection 
weEa asymptomatic. 38 Hypersensitivity, indicated in the 
pathology of fi hvoraeumoniae infection in swine and 
possibly other respiratory mycoplasmas, is probably not a 
cause of pathology in « bovis respiratory infections 
since samples from vaccinated calves with high specific 

levels were obtained from 
serum and secretory antibody levels 

• u „r fli=p ase 39,40 M bov j s may 
animals with no respiratory disease. 

* -11 r ! «ue trauma or other physio 
become pathogenic following t.ssue era 

iogical stress. Pathologic synergism between respiratory 
myco plasmas and the other respiratory pathogens has been 
aemonstrated experimentally, and coinfection by the bovine 
reSP ira t ory tract mycoplasmas and bacterial pathogens have 
been observed in cases of feedlot pneumonias . ' 
A lthough there is a close association between respiratory 

a m wwis infection, the role of M bovis in 
disease and M bovis iniectiu»f 

respiratory disease is still not clear. 

culture results from nasal swabs and H lavage samples 
indicate that mycoplasmas exhibit tissue tropism within the 
respiratory tract. . similar pattern was observed by Thomas 

. , . yn „ land where 61 bovirhinis predominated m 
and Smith in England, wnere 2 — __ ^ 

the nares of non-pneumonic calves 3-4 months of age. 
However M disoar predominated in the lower respiratory 
tract and . bovis was not identified. Observations made 
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by other workers confirm that respiratory mycoplasmas 
exhibit tissue tropism. 42 

A study of the nasal prevalence of m bovis in 
calves from 6 dairy herds by Bennett and Jasper showed that 
M bovis was present in 6% of animals from herds with no 
history of mycoplasma mastitis and none of those animals 
presented respiratory disease. 20 Evidence from the 
present study indicates that nasal culture probably under- 
estimates the actual respiratory prevalence. Our findings 
strengthen the hypothesis that the respiratory tract may be 
a natural reservoir of M bovis organisms capable of 
causing mastitis. 1-1 ' 20 

These results emphasize the importance of initial 
culture and monitoring of respiratory sites, in addition to 
nasal culture, to determine the state of infection and 
potential immune response in experiments involving M 
bovis. The three naturally infected calves observed for 14 
weeks developed measurable immune responses despite occasion- 
ally negative cultures for M bovis . 

These findings present a dilemma to the researcher 
wishing to study the immune response to vaccination, resis- 
tance to disease, and/or pathology of M bovis in the 
bovine respiratory tract. Procurement and maintenance of 
immunologically naive field animals may be a prominent 
obstacle to research. M bovis infection in the respira- 
tory tract or other body sites may be prevalent, and M 
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bovis can apparently survive for long periods in the 
environment under ambient conditions. 43 ' 44 Some 
researchers have resorted to gnotobiotes for experimental 
work, but, translating results to the general bovine popula- 

29 

tion must remain speculative. 

The immune responses to M bovis as measured by IHA , 
ELISA, lymphocyte stimulation and skin test varied greatly 
among the 30 calves. A. discriminant analysis was performed 
to determine if infected and non-infected animals could be 
catergorized correctly by measurements of their immune 
response. If discrimination were possible, measurements of 
immune recognition might be useful as a screening measure, 
and immune factors associated with protection from disease 
might be elucidated. The analysis discriminated correctly 
much of the time (73.3%) using IHA, and culture negative 
animals were discriminated with an accuracy of 85.7%. 
However, only 62.5% of culture positive animals were 
correctly classified (data not shown). Cho, et al, 
observed that IHA results provided a better diagnosis of M 
bovis herd infection than culture isolation and/or growth 
inhibition in 200 cows from 4 herds. 45 Although 
discrimination can be achieved using IHA much of the time, 
use of the assay as a screening measure and the role of 
agglutinating antibodies and other immune response 
parameters in M bovis infection needs further study. 
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The immune response to M bovis infection as 
measured by IHA, ELISA, lymphocyte stimulation, and skin 
test on three naturally infected calves was adequate and 
appropriate . to maintain a healthy state during 10 weeks of 
natural infection, and for 4 weeks after challenge with 
>10 9 CFU of live M bovis . Despite the presumed higher 
risk of hypersensitivity-related pathologic changes, no 
evidence of such changes were found in challenged animals 
having a high immunologic response. There seems to be a 
wide range of appropriate immune responses. 

The serum antibody responses of the 3 naturally 
infected calves as measured by IHA and ELISA (Fig 1) were in 
general lower magnitude and less mature (producing less IgG 
and IgA) at later observations than were those of the 
vaccinated cohort. The IgM ELISA reactivity of both groups 
prior to weeks 8 were similar, and paralleled the IHA titers 
during this period. Bennett and Jasper showed that the M 
bovis - specific IHA serum titer is largely due to 
agglutinating IgM in adult cows during the first 50 days of 
experimental bovine mastitis. 46 The correlation between 
specific IgM levels and IHA titer is supported by this .study 
since the entrance of IHA into a discriminant function at 
step 0 (Table 3) drops the IgM F to insignificance to enter 

step 1. 

The IgM and IgG responses were lower, and the IgA 
responses higher, in nasal and BAR fluids than in serum in 
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al l animals <Fig U - P"*"** = ellS St - Ul " ed " U » 

loci -™ responsible for comparable serum 

and mucosal levels of HA between the two croups until after 
tb. 3th wee*, when vaccinates were ,iven mucosal boosters. 
Th e IcA levels of the 3 vaccinated calves in the nares and 
BAE increased markedly to local stimulation. The instance 
o£ local stimulation to evoke a local response is apparent 

„.,= .( locally boosted vaccinates, and corrob- 

from the response o£ locaxxy 

orates the findings of other studies. 32 

The paucity of a secretory I,A response by naturally 
infected animals to experimental inoculation at wee, 10 may 
indicate that H bovis_ is a common symbiont of the bovine 
respiratory txact. such immunologic unresponsiveness x« 

• ,ic ^ indigenous microflora has been 
experimental animals to inaigenou 

, 47,48 
observed previously. 

vaccinated calves skin tested at 14 weeks demonstrated 
bot u mediate and delayed-type hypersensitivity but little 
sensitivity was noted in naturally infected calves (Table 
4B) The. maturation and level of systemic and local 
antibodies paralleled the skin test responses at 4 and 12 
ncurs. The systemic response of circulating cells at the 

-;«n is evidenced by the increased skin 
14th week of observation is eviaenc 

e ,«rcinated calves at 24, 48, and 

test responsiveness of the vaccinatea 

72 hours compared to naturally infected calves. 

Blastogenic responsiveness of circulating cells (as 
indicated by LSI to M bovis antigen) was mostly 
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suppressed (Tables 3 and 5) compared to control cultures. 
The responsiveness of lymphocytes from naturally infected 
and vaccinated calves to stimulation with mitogens and M 
bovis antigen as indicated by the mean S.I. (Table 5) was 
suppressed after 14 weeks compared to initial 
responsiveness. Immune suppression has been observed by 
others and may be an inherent feature of M bovis 
infection. 49 The poor correlation between LST and skin 
test may indicate that LST may not be an accurate correlate 
of in vivo responsiveness during M bovis infection 
in the young bovine, or that interference by culture medium 
components elevate skin test responsiveness in the 

. a 27,49,50 
vaccinated calves. 

A wide range of immune responses were observed in 
calves with natural M bovis respiratory infections. 
Among the immune responses submitted to discriminant 
analysis, IHA best predicted infection status. M bovis 
demonstrated tropism for the BAR. The humoral immune 
responses observed in' 6 calves during 14 weeks of observa- 
tion were consistent with those observed with many respira- 
tory infections among the bovine and other animals. LST and 
skin test results support the contention that naturally 
infected calves don't develop strong cell-mediated immune 
responses. Natural M bovis infection and experimental 
challenge exposure did not produce symptomatic disease among 
animals with low immune responses, or among animals with 
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high immune responses which were presumably at risk of 
strong hypersensitive inflammatory reactions. These 
observations support the hypothesis that M bovis 
infecting the respiratory tract of calves may exhibit 
camouflage and/or immunomodulat ing capabilities. . 
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Figure 1. Mean M bovis specific serum indirect hemma- 

gglutination titers and ELISA reactivity of 

IgM, IgG, and IgA in the serum (©) , Nasal 
secretions (H) and BAR (A) of 3 calves 
naturally infected with M bovis and their 3 
vaccinated cohorts over a 14 week observation 
period. (open figures represent values from 
naturally infected calves; and closed figures 
represent values from vaccinated cohorts). 

*ELISA value see text. 
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The Effects of Adjuvants on the Imraunolog 
Response of Calves to Vaccination with 
Mycoplasma bovis 
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SUMMARY 



Five groups of 3 calves each were vaccinated with 
Mycoplasma bovis antigen in phosphate buffered saline 
solution or one of four adjuvant preparations, and then 
challenge exposed to live organisms. The adjuvant 
preparations elicited strong systemic antibody responses 
compared to those measured in calves not given adjuvant. 
Most calves given adjuvants responded to vaccination i n 
respiratory tract with a strong IgA response, but these 
responses were not. .above those of calves given M bovis 
antigen without adjuvant. Calves given some adjuvants 
developed strong delayed-type hypersensitivity responses 
compared to calves given M bovis without adjuvant as 
measured by skin test, but none of the calves developed 
strong cellular response as measured by lymphocyte 
stimulation . 



INTRODUCTION 

Mycoplasma bovis can be pathogenic in the 
respiratory tract of gnotobiotic calves and is strongly 
implicated in outbreaks of pneumonia in feedlot calves. 1 
The pathogenic factors of respiratory mycoplasmas and th 
protective role of the host immune system in preventing 
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respiratory disease due to M bovis infection remains 
obscure despite extensive studies. 4-10 

M bovis is not highly immunogenic in the bovine, 
possibly because of similarities between the membrane compo- 
sition of the mycoplasma and that of host cells and/or the 
association of environmental antigens with the mycoplasma 
membrane. ' < ^ . I=nnunc=up ? ression of humoral and cell 
mediated responses has been found in calves i m ,„i^ Q , „, t u 

— ««x 

C 

M bovis . 

The immunopotentiating effect of adjuvants may be due 
to prolonged deposition of antigen, modification of the anti- 
gen, or the recruitment and/or activation of circulating 
lymphoid or reticuloendothelial cells. 13 ' 14 Adjuvants 
have had an enhancing effect on the immunogenic qualities of 
— ^i 3 - antigens, and have been used in successful 
vaccine preparations of M bovi s and other pathogenic 
mycoplasmas. 5 " 8 '^-^ Adjuvants would be Qf particular 

benefit if found efficacious for local immunization where 
lymphocytes and phagocytic cells are suppressed or where 
small amounts of antigen is preferred to avoid undesirable 
reactions . 

Observations are presented here on the effect of 
systemic and respiratory administration of killed M bovis 



antigen in combination with various adjuvants on the immune 
responses of calves to vaccination, and to experimental chal- 
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lenge exposure with live M bovis in the nares and 
bronchio-alveolar region (BAR) . 



MATERIALS AND METHODS 

. Experimental animals — Holstein Fresian steer calves 
approximately 14 weeks of age were obtained from a commer- 
cial calf rearing facility. At the time of calf selection 
cultures taken from the nasal passages were negative for M 
bovis, and there was no detectable M bovis -speci f ic 
serum IgG as measured by ELISA. The calves were transported 
to the Animal Resource Facilities at the University of 
California, Davis, and assigned to experimental groups. 
Three animals were vaccinated with killed M bovis in 
phosphate buffered saline solution (PBSS), and the remaining 
12 were vaccinated with the same antigen in combination with 
one of 4 adjuvant preparations (3 calves per experimental 
group) . 

Evaluation of cytologic, microbiologic, and immunologic 

data from the calves at this initial time is presented else- 
13 

where. M bovis was identified in mycoplasma 
cultures from all but two calves during the period from 
initial culture to the time of experimental challenge 
exposure infection. Mycoplasma bovis was cultured from 
the eye, nose, or trachea of all animals after experimental 
infection. All animals maintained a good state of health 
for the duration of the experiment. 
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Mycoplasma strain — M bovis strain Californi, 



201 was used for antigen preparation and has been referred 
to previously with regard to its relationship with other 
strains. ^ 

Vaccine preparations — M bovis antigen was 
prepared as described elsewhere except that horse serum in 
the growth was replaced by bovine serum, killed with 
formalin, and standardized by protein content = 19 ~ 21 
Antigen was used for skin testing (0.25 mg/ml) and for 
immunization (5.00 mg/ml). 

_ . I . || ■ ■ . j | i N| i Mill 

Preparations for systemic immunization consisted of 
0.5 ml antigen, 1.0 ml Freunds Incomplete Adjuvant a and 
0.5 ml of one of the following in aqueous solution: 10.0 mg 
N-acetylmuramyl-L-alanyl-D-isoglutamine (MDP), b 5.0 mg 
Amphotericin B (Am-B) , c 500 mg of combined magnesium/ 
aluminum hydroxide d with 2 x 10 i0 killed Bordetella 
pertussis e (Bp). The other experimental groups received 
the same antigen in Freunds incomplete adjuvant alone (FIA) 
or in PBSS without adjuvant. Vaccine preparations for 
intranasal and intratracheal immunization were the same as 
those used for systemic immunization except that the oil 
phase (FIA) and magnesium/aluminum hydroxide were omitted, 
and the total volume was adjusted to 15 mis with PBSS. 

Vaccination schedule — The calves were observed for a 
period of two weeks before systemic immunizations at week 3 
(intramuscular and subcutaneous) and week 6 (subcutaneous). 
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Intranasal and intratracheal immunizations were performed at 
weeks 8 and 9. The calves were skin tested with M bovis 
antigen at weeks 3, 6, 10 and 14. All the calves were 
challenged exposed at week 10 with 9.2 x 10 10 cfu of live 
M bovis via intranasal and intratracheal infusion. 

Samples — Weekly samples were obtained from the 15 
calves for immunologic evaluation over a 14 week period. 
Nasal aspirate, BAR lavage fluid, and blood samples were 
obtained as described elsewhere,* 8 

Serology — Serum was analyzed for M bovis specific 

antibodies by indirect hemagglutinations (IHA) and ELISA as 

18 

described elsewhere. ELISA data are expressed in terms 
of ELISA value (EV) in which the mean positive reference 
serum absorbance was set equal to 1, the mean negative 
reference serum absorbance was set equal to 0 and the mean 
test absorbance was scaled according to this 2-point 
regression . 

Skin Test — Skin sensitivity testing was perfomed on 
the lateral aspect of the neck as described elsewhere. 6 ' 18 
M bovis antigen (0.20 ml) was injected intradermally at 
3 sites using a 25 gauge needle. Reactions were determined 
with standard vernier calipers by measuring skin-fold 
thickness in millimeters at 4 f 12, 24, 28 and 72 hours. 

Lymphocyte Stimulation Test (LST) — Blood was 
collected and the lymphocytes were isolated, quantitated, 
cultured in the presence of phytohemagglutinin (PHA) , 
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conconavalin A (Con-A) , M bovis, or medium alone, pulsed 

with tritiated thymidine, f and harvested as previously 

5 19 

described. ' LST data are expressed in terms of counts 
per minute (CPM) or stimulation indices (SI = Mean CPM of 
stimulated cultures -s- Mean CPM of control cultures). 



RESULTS 



Serum antibody— The calves vaccinated with M bovis 
antigen is PBSS elicited a moderate IHA response to sytemic 
vaccination (Fig 1) , an IgM E1ISA response which declined 
shortly after the end of systemic vaccination, and a IgG 
ELISA response which rose througout the vaccination period 
showing primary (weeks 1-6) and anamnestic (7-14) responses. 
The ELISA IgA response occurred late in vaccination (weeks 
6-9). 

The humoral immune responses of calves vaccinated with 
M bovis antigen in FIA, MDP , BP and Amfi (Fig 2-5) as indi- 
cated by IHA titer, and IgM and IgG ELISA reactivity occur- 
red faster, reached higher maximum values, and had higher 
final values than the group receiving antigen without adju- 
vant. No group receiving adjuvant demonstrated a systemati- 
cally higher serum antibody response than the group receiv- 
ing FIA. In general, the ELISA reactivities of serum 
immunoglobulins indicate that the IgM and IgG responses were 
higher and the IgA response lower in serum than in 
respiratory secretions. 
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Respiratory antibody r^p n^-r^^ of calves ^.^ 
received M bovis antigen in adjuvants in general 
responded with some ELISA IgM and IgG reactivity i n nasal 
and BAR secretions above that of the group vaccinated with- 
out adjuvant, although the IgM and IgG reactivities were in 
most cases far below those of serum (Fig 1-5). The IgA 
response in respiratory secretions was higher than in serum 
in all but one case (BAR ELISA IgA reactivity of the group 
receiving M bovis with Bp). All groups receiving adju- 
vant (except the above group) demonstrated strong nasal IgA 
responses to respiratory vaccination at weeks 8 and 9. a 
strong response was also seen in BAR lavage samples to 
respiratory vaccination (weeks 8 and 9) and experimental 
challenge exposure at week 10. 

The highest respiratory IgA reactivity was found in the 
nasal secretions of the group which was vaccinated with M 
bovis in PBSS (without adjuvant). The IgA reactivity in 
BAR secretions rose after the first observation and was 
maintained at high levels throughout the study, perhaps due 
to natural infection. 

Skin test: At week 14 all groups of calves had 
developed skin test reactivity compared to their initial 
reactivity as measured by increase in skinfold thickness 
(Fig 6). Among the responses of groups given adjuvant, Bp 
elicited the lowest mean reactivity at all times measured. 
Groups given FIA, MDP, and AmB elicited strong responses at 
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all times measured at 14 weeks. The group given antigen in 
PBSS elicited low reactivity at 4, 12 and 24 hours, and 
negligable reactivity at 48 and 72 hours. 

Lymphoc yte stimulation — Higher mean stimulation 
indices were measured at 14 weeks compared with initial 
lymphocyte cultures in all calf groups when cultures were 
stimulated with PHA, and in all groups except those 
receiving Bp and AmB adjuvants when cultures w^re stimulated 
with Con-A (Table 1). The greatest increases in mitogen and 
antigen stimulation were measured Ln the groups receiving 
FIA and MDP , and the lowest increases were measured in the 
group receiving no adjuvant. 

Lymphocyte cultures from all groups at 14 weeks were 
suppressed in the presence of M bovis antigens although 
the suppressive effect had decreased in all cases except cul- 
tures from the group receiving Bp adjuvant. When the mean 
stimulation indices, of cultures for all groups is consid- 
ered, there was art overall increase in mitogen and antigen 
responsiveness , 



DISCUSSION 

The role of measurable immune responses in protecting 
calves from respiratory disease resulting from M bovis 
infection is not certain. M bovis infected calves with 
and without a measurable immune response show no respiratory 
disease, and yet M bovis can be pathogenic. 1 ' 18 ' 22 
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Since none of the calves in the present study showed any 
signs of respiratory illness although a wide range of immune 
responses were observed, there must be a wide range of 
acceptable responses to M bovis infection as previously 
observed . 

The use of adjuvants to enhance the immune response may 
aid in resistance to M bovis disease where iramunocom- 
petence is compromised or where immunization with large 
amounts of antigen to elicit a strong local response causes 
undesirable reactions. None of the adjuvant preparations 
used in this study elicited a systemic response much above 
that elicited using FIA. These responses were comparable to 
those found using FCA. 18 None of the adjuvants elicited a 
respiratory antibody response consistently higher or longer 
than that elicited with local administration of antigen in 
PBSS, although all adjuvant groups responded strongly to 
local vaccination. Systemic and local vaccination with 
killed M bovis resulted in a larger systemic and 
respiratory response than found in unvaccinated , naturally 
infected calves observed over the same period. 18 

All groups receiving adjuvant preparations developed 
delayed-type hypersensitivity at 14 weeks as determined by 
increase in skinfold thickness at 72 hours. Increased 
mitogen-induced blastogenesis of lymphocyte cultures 
occurred in all cases except Con-A stimulated cultures from 
the Bp and AmB groups . Coincidentally Bp and AmB elicited 



lower skin test reactivity than did the. other adjuvants. 
Although LST responses were highly variable between animals 
suppression of lymphocyte cultures was a fairly consistant 
feature corroborating earlier observations. 5 ' 18 

Since no adjuvant preparation used in study produced 
consistently higher immune responses to M bovis than 
those produced using FIA , additional modification of M 
bovis antigens or recruitment and/or activation of lymphoid 
ceils may not be operative. 
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Figures 1-5. Mean M bovis specific indirect hemagglu- 
tination titer (Fig 1,0), and ELISA 
reactivity of igM (a), IgG (b) , and IgA (c) in 
serum (Q), nasal secretions (□) and BAR 
lavage (A) samples from calves vaccinated 
with M bovis antigen in PBSS (Fig. 1} , FIA 
alone (Fig 2), and FIA with MDA (Fig 3) f Am-B 
(Fig 4), or Bp (Fig 5}; and challenged exposed 
to live organisms. 
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Increase in skinfold thickness measured in calves 
vaccinated with M bovis antigen in PBSS (O), 

~^ A <= i^,, ana riA witn MDP {<>> r Am— B (□> 

or Bp <QJ, and Challenge exposed to live 
organisms . 
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GEHERAL CONCLUSION 



A preventive approach must be employed in the control 
of bovine disease resulting from Mycoplasma bovis 
infection since no antimycoplasraal chemotherapeutic agent 
has proven satisfactory. 21 ' 34 The two main preventive 
strategies, preventing contact between the virulent organism 
and the susceptible host, and inducing protective immunity 
through prophylactic vaccination, rely heavily on under- 
standing the immunological responses to M. bovis . 

New infections may result from direct or indirect con- 
tact with infected animals. 15 ' 60 There are reports of 
experimental environmental contamination lasting a consider- 
able time. 61 ' 62 Preventing contact and transmission of 
infection requires identification and segregation of 
infected animals, coupled with strict santitation . 63 
Control of spread between herds and the economic impact of 
the disease on a given farm are dependent on the speed and 
accuracy of detecting infected animals. 

While the role of M. bovis in reproductive, joint, 
and respiratory disease is not well understood, and its 
economic impact is thus obscured, the role of M. bovis " 
in mastitis has been well characterized and recently 
reviewed. 64 ' 65 Bovine mycoplasmal mastitis is character- 
ized by severe mastitis with prolonged loss of production. 
Early diagnosis in some cases has enabled control by slaugh- 
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ter with minimal loss. However, because of its contagious 
nature and easy transmissibility , mycoplasmal mastisis more 
often spreads rapidly within and between herds. 16 in 
1977, 2.8% of California bulk tank milks were positive for 
pathogenic mycoplasma. 66 m 1981, 8.0% of bulk tank milks 
were positive, thus confirming concerns about rapid 
spread. 

The incidence and severity of M bovis mastitis is 
greater than that caused by other mycoplasmas. Since the 
problem is growing in magnitude, it is crucial to develop 
rapid, efficient, reliable and inexpensive diagnostic techni- 
ques suitable for use by diagnostic laboratories, veterinary 
practitioners and possibly dairy processors. The . present 
methods of culture and identification of mycoplasma are time- 
consuming, require specialized equipment and technical 
skills, and may be unreliable. 35 Immunochemical techni- 
ques can be rapid, inexpensive, reliable and require minimal 
technical skills once they are perfected. 68 

Several features of the mycoplasmatales limit the 
utility of conventional reagents used in immunochemical diag- 
nosis. Many mycoplasmas, including M bovis , are not 
potent immunogens and do not evoke production of avid and 
specific antiserum. 33 ' 36 ' 37 They incorporate components 
of the growth milieu in their membranes and, when used as 
antigens for production of specific antiserum, elicit 
reactivity to growth medium components as well as to innate 
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mycoplasma antigens, reducing specificity. 42,43 ' 45 Numer- 
ous investigations substantiate the existence of shared 
proteins among a variety of mycoplasmas . 39 ' 40 ' 44 ' 69-75 
Two dimensional electrophoresis on other species have 
demonstrated that distinct antigenic complexes are not 
completely separated by SDS-PAGE, 6S ' 70 ' 76 * 78 and thus 
preparation of monospecific reagents from preparative gels 
will probably not be useful. 

Analysis of M bovis antigens by GEDELISA, which 
combines the high resolving power of SDS-PAGE to separate 
molecules by molecular weight with the sensitivity of EL IS A 
to detect specific antibodies 34 ' 55 revealed at least 3 
growth medium components which crossreacted with the six 
other species tested, two components which were non-specifi- 

cally reactive, and 4 antigenic complexes which may con- 

• "7 ft 

tain unique M bovis antigens. Species-specific 

antigens have been identified for a number of mycoplas- 
mas. 69 ' 71 ' 72 ' 78 ' 79 

Hybridized cell lines have been adapted for productuion 
of species-specific, monoclonal antibodies to mycoplasma 
antigens and the sensitivity and specificity of these rea- 
gents compares well to conventional antisera . 80-82 These 
reagents would greatly facilitate worldwide distribution of 
identical antibodies for purposes of research and taxonomy. 
Their use would avoid discrepancies resulting from variation 
in mycoplasma strains used as antigens, from the confounding 
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effect of complex media used in their cultivation for use as 
antigen, and from differences in the immune responses of 
animals used to produce antisera. Highly sensitive and 
specific assay systems can be produced by combining the 
great sensitivity of inununochemistry for detection of anti- 
gens from infecting organisms with the great specificity of 
monoclonal antibodies. 83 

Immunochemical detection of M bovis with species- 
specific antibodies should be pursued as an attainable short- 
range goal. Rapid diagnosis of infected cows coupled with 
attentive management will greatly aid in controlling M 
bovis -related disease. This approach will aid in 
detecting infected animals within or entering a herd , and 
has potential for use in surveillance of bulk tank milk. 
Such a surveillance system utilized by the veterinarian, 
creamery, or dairyman could provide an early-warning for 
potential outbreaks of mycoplasmal mastitis. 

The other main preventive strategy to control M 
bovis disease, that of prophylactic vaccination, also 
requires understanding the immunologic reponses to M 
bovis. Evidence supports the concept that vaccinated 
animals become immunologically resistant to experimental and 
natural M bovis disease. 19 ' 25 " 30 Natural infection 
and vaccination, however, may sensitize animals to suffer 

hypersensitivity reactions on secondary exposure to 

28 32 84 

antigen. ' ' Thus vaccination with whole-cell, myco- 
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plasmal antigens may accentuate the disease. If M 

bovis subunit antigens important in immunological resis- 
tance could be detected and isolated, their use as subunit 
vaccines might render vaccinated animals immunologically 
resistant yet less susceptible to harmful hypersensitive 
reactions . 

The specificities of M bovis directed antibodies in 
sera from cows susceptible and cows resistant to experimen- 
tal M bovis infection determined by GEDELISA were not 
statistically different. 56 The complexity of the M 
bovis antigenic collage discussed earlier nay limit charac- 
terization of the response to important antigens by conven- 
tional means such as GEDELISA and two-dimensional chromato- 
graphy. 

Investigations characterizing M bovis antigens 
using different or refined methodologies should be pursued. 
Antigens which, when recognized, confer protective immunity 
should be described and isolated. In addition to their 
potential use as subunit vaccines, these antigens may be use- 
ful in differentiating animals which are serologically posi- 
tive when tested with whole M bovis cell antigens but 
still susceptible to infection, from those serologically pos- 
itive animals which are immunologically resistant. In addi- 
tion to eliciting hypersensitivity reactions, M bovis 

has been associated with suppression of B-cell maturation 
84 86 

in vivo , ' and in vivo and in vitro lympho- 
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cyte blastogenisis. 86 Characterization of these events, 
as well as M bovis toxin(s) 87 and adhesion(s) would be 
of great interest. Antigenic dissection of M bovis will 
provide important information about the immunologic, micro- 
biologic and pathologic events of the host-parasite inter- 
actions. 

Despite the strong association between M bovis and 
,. 13 

disease, the literature describes isolations of M 
bovis from healthy animals . 13 ~ i5 it was hoped that a 
study of the immunologic and microbiologic parameters of 
natural respiratory infection would serve as a baseline to 
compare vaccination and experimental challenge exposure, and 
lead to a better understanding of M bovis infection. 

— bpvis, like other respiratory mycoplasmas demon- 
strates a tissue distribution within the calf respiratory 
57 — 59 

tract. This may serve as presumptive evidence that a 

specific receptor-adhesion interaction occurs during respira- 
tory infection which aids M bovis in avoiding the innate 
clearance mechanisms present in airways. The events and 
surface structures which participate in this interaction 
should be characterized as they have been for other respira- 
tory mycoplasmas. 87-93 Changes in the respiratory distri- 
bution of M bovis with age or under varied immunologic 
conditions, and the importance of respiratory infection in 
providing a reservoir for M bovis and in developing 
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immunological resistance to disease should be considered 
further . 

Measurements of immune responses in naturally infected 
calves indicate a high and prolonged serum IgM but low IgG 
and IgA response , subdued respiratory antibody response, low 
skin test reactivity, and low LST results compared with 
vaccinated calves. These results agree with other observa- 
tions where comparisons can be made and support the hypothe- 
sis that mycoplasmas may interact with cells of the host ! s 

28 — 33 84 

immunologic system. ' Immunomoduiatiion and absorp- 



tion of antigens known to function in the hosts i 



immune 



response which have been observed with other mycoplas- 
mas^** should be studied in M bovis . 

. More in vitro experimentation should be performed 
in order to develop and test hypotheses regarding the cellu- 
lar interactions of M bovis infection as more bovine 
cell lines and antisera specific for BoLA or other important 
host antigens become available. Successful in vivo 
experimentation will depend directly on information on cellu- 
lar interactions derived from such in vitro assays. 

Humoral and cellular immune responses to M bovis 
vaccination can be enhanced using ad juvants . ^ 
Enhancing the local, respiratory immune responses to M 
bovis with adjuvants so that smaller amounts or subunit 
antigens can be used efficaciously will help to avoid unde- 
sirable hypersensitivity reactions . 85 ' 102 ' 103 None of the 
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adjuvants used in this study performed better in eliciting a 
mature humoral or cellular response to whole M bovis 
cells than FIA. No adjuvant enhanced the respiratory 
response above that found with antigen alone. Future 
studies will require understanding the excitation, migra- 
tion, deposition, and memory of cells important in immuno- 
logical resistance to M bovis disease. Understanding 
immunological resistance and developing a method to elicit a 
protective immune response will remain long-range goals in 
controlling M bovis disease. 

Control of M bovis disease by vaccinal prophylaxis 
or identification/segregation of infected animals requires a 
clear understanding of M bovis antigens and host 
responses important in protective immunity. The work 
described here is a contribution to the repertoire of infor- 
mation, research tools and strategies which may be useful 
in achieving this goal. 
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ABSTRACT 

aped to dett^AW^^ J»g No clarions to other bovine 

fbmrfn* ^J^^i^{^^^^S^^6lfc and the spedficity of 94,9% am 
mycoplasma species were obscrv^ ^^ be increased by 10% after 

mtroductioa or t^^^^-fT—^ w hichls typical fer subclinical caies. Screening of milk 
bo* aroats rf5 ^^^*,StaS^ over clture methods ia terms of 
samples *y mean* of Itoi tntl** M ^~^r* L^^Harlv cuffing of Infected animals to 
speed and potential to monitor large herds, thereby pennttung eany taming w >»»"» 

trtncp W n«™i«;nn nffhe pathogen topoo-in^cted animals. 



1NTRCHWCTION 

Mycoplasma (MJ bovisis knownto cause severe c^cdmyoopLasmal ma*, 
titotocattle (Jasper, 1982). To control the spread of this disea^anearty 
drteScmofthe pathogen is crucial since the removal and culling of infected 
cS?ecWto%rWent fresh infections. Several ELBA procedures have 
S &veSed^SsHum antibodies against bo vine mycoplasmas cans- 

S^lbby et al, 1981; Thomas et aL, 1987). *»»^d£ 
n Q^describedthe use of an ELBA for the detection of antibodies against 
^l^l^rvreaplasrna spp. in mule ^^SZSS- 
mLclonal antibodies (mAbs) have ^.^^ to .^ 
tigen in semen and preputial washings (Nielsen et aL, 1987), as well as in 

■E^ndence to: Dr. Konrad Sad.se. Institut fit Vet^i^^ ^ ^^^^eit- 
SxSrt von Ostertag-lnstitnt) Berdeh Jena. Naumpurger Str. 96a 07722, Jena 9. 

Germany. . 
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allowed the detection oflO' * "J^JJ 6 Sbtedatac* J£ «*W 

described an antigen capture ™ ^ ^S^iSL^^^-^g^ 



^s*" 3 ^ 8 "^ 1 ^ 10 7 to 10 s cfo/ml mitt, 

the sensitivity of this test ^bennp^fr^ u ^ produced in our 

In the present study, a flu0 5 BS< ^* ^ teS deteSon of AC 6*v& 
ownlaboratory was developed as a screening test ioiiac uc 

antigen in milk samples. 



MATERIALS AND METHODS 

strSwae described previously (Sachse et aL, 1992). 



TABLE 1 

Strata Mycoplasma (MJ ^^%^^ > 
^^Escherichia (E.) coftreed in ftis study 



Streptococcus (SJ *PP- Staphylococcus (Si) 



Species 
M.bovis 



M.bavlgenitathun 

M.caiycrnicam 

M.ar$totai 

M>agalactiae 

M, alkalescent 

14. canadense 

M.bovoodi 

M.gallinarum 

M. bovine group 7 

AT. mycoides sohsp. mycoides 

A£ v&tamdum 

M. galUsepticum 

Alatitiawil 

A*axanthwn 

A modicum 

S.agoJactiae 

& dysgatactiae 

S. uteris 

,SC aureus VBxr bovts 
Scoli 



Eenomiaatiofl of strain* 



isolates) 
PO U 
St-* 
G230 
PG2 

PG31/D12 
275C 
M 165/69 

C5 

PG16 

PO50 

UCtype,Y«oat 

St-107 

PG31 

PG8 

S743 

PG49 

V81/B34.V84/B21T34 
VB2/C3151.V86/C8976 

V83/E12463 
Lancefield group 1- 
V88,No.67 . 

isolate from milk , 



'-ecovBi bovis and biotypt bovts are also used for this crgwmn. 
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. ..-u^wotitre formal, which 
EJJSA to a carried outin ultramcrouu 9g2) ^ 

requires only w be conducted in the norm* ammo- 

amounts of w^^Sla traction from ascites brffer, pH 9.6, 

(PBS), P» 7 J, carried out at 25 c » JT"* added to the 



distffled watWvine p {feaDn rt aL, 1982). ^ were pie- 

nylated mAb Mb ^ B ^^heim) was ^SgO^^ 



STJMAL PE 2 (ZEISS, 



The test senes induaea Di^ natural oul^ara ux ^ 

wi£V. &avfa (^^ B tacS mastitis ^^KSsJedfi^ 
mastitis and cows ^j^^ ; ^ ^ d^J^f^heterolo- 

Jty itheEUSA we« e^ted^B^ gggH^-^T 
gous bovine, as well asj J^^JS, co/j strains (f^f^ed were also 
Sas, streptococci, «aP^^g ^ * ^ sarnp^ For verifi ca. 

tcstedwerensed^ 
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antibody agar block technique <^^™*^n£^2 ml ofbioth 
ment 2 ml of each sample were transferred to a f ^ ^ 

SSL and incubated for ^^^^^^^Z. 





wstigatedbyboraELISA and culture techniqu 



RESULTS 



■With the 



tELISAprocedurcM. bavb was 8 P e f^^^ 

not shown). _ AWr^f^tioninartifidanyinocuktedmilkis 

The ^^° D ^^ f ^^^^oS7l X 10 s cm/ml was 
presented in Fig. 1. From these ™^°^~ thB averaJ » background level 
dSnnined. ( A fluorescence -trim* .«*232dfflSK5«ll^^ 
was defined as a positive reaction.) No es«»W" calibration curve was 

the absence of non-specific reactions «"^ D t *j^^™ md conventional 

A total of 541 xnilk ^ples weremv^d^K^a^^ 
culture techniques. 408 samples came from 9 racpenmen^ 




number of M,bov!s cells log(cfuAnl) • 

with different amounts of If. bom fl^^K ' to tt* ELBA. 0.05 mM 4-methy- 
.Freundt. 1983). 6 samnte of each dduUon rtStad value (fluorescence Intensity 

bdlifcrone in 1 M diethaoolamwfi buffer served as smuu<uu 



B 

taml 
100). 
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<r -T- 1 1 iiirrnn— -- 



Kumber of rniDc sample* 



Without pre-Uwibation WithproW^ 



tjueposfilves 7 

tmcncg&tlveft 3l« 4 

- -40 - 



90 l^k 



natural outbreaks of mycoplasmi 



10.1%, while specificity was decr^by* 
me dium to the milk samples pnor to pro* 
improvements of these parameters. , 

DISCUSSION 

4F6 with Af. agalactmte* not affix* £ B J^ 1 ^^ Askaa and Emo 
cows as M. agalactia* does not ^^^Xedes there are in- 
(1976) assigned the ^^^^ considerable number of 
dicalions that if. bans ^^fSXoh^edhetween distinct species 
common antigens beyond the '^^^^^L^ of relatedness can also 
(BertholdetaL, 1992) . F^^^^J^SwP 1 ) . On the other hand, 
SoSedfromrl^Ase^ 
BoothbyetaL (1986) andNielsenetaL (19»/J ™» 

oftheirinAbswittK^a^^ ^numuTcissuffidentforse^BOfc^ 
The detection lamt of 1 Xltr hiril levels of M. bans shed- 

fettcfa witnseverecniucalJlf. ^^J^Ttodetection of Af . bovis 
d^Pre^chxnentby ^^^S^Sciinical mastitis, latently 
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ing the chronical sta^e of disease. On these mbSe 
titees of 10 s cm/ml were recognized as positive by the EI^A. The mcrease 



^ ^ir^faM tovft detecti on from nulk samp }» 

- „_i fg ji-ii acceptable for routine aaagnostics. Uootnoy - — - 

S/fpSXeSSp in thdFcmn^ ELISA, which cabled 
Semtorai^Snaitiyity from 65 to 86% at an Af. bans detect^ bm^f 
ToSS milk. Using an immunobinding assay involvuis 
infen^Martinez et al. (1989) reported a further mcrease 
SSlStetoi 8-5X 10» cfu/ml milk. However, because of its lmutatioM 
S Srdto aSmaS Smnnobinding assays have not found widespread 

"it^r^eTSlSrease the sendtivity by coaling plates with, poly- 
doSnSa and/or labelling the mAb with ^f^^j^ 
^ ftSted in a reduction of background by about 75% ******* 
HW not improved since fluorescence intensities of positive samples were 

^Sn^trLl^i^ 

i o T oWTreagent per well, which makes the procedure very economicaL 
T£SSS anlsenskve as a fluorescence assay, but can be caxr^ 
o^t S nSLuon as wett. The main advantage of ^ Pr«ent ELISA 
££EZ* isTrapid detection of Af. M m^^y^tsare 
iSST* : the latest on the third day after receipt. Pre-incubation of mil* 
u remain the limiting step. For Compaq 
c^venuonal detection by culture methods would take about 5 days, some- 
times up to 10 days. 
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its everyones 

problem 



Mycoplasma mastitis is 
a growing challenge 
on dairies 
across the US. 



By Maureen Hanson 

Editor's note: Fust of two parts on 
Mycoplasma mastitis. 



It once was considered strictly a "CaH- 
fomia" disease that only affected very 
large herds. Now it's on the rise through- 
out the country, and may soon be 
knocking on your own door, if it hasn't 
already. What is this *new" disease chal- 
lenge that actually has been around for 
decades? Mycoplasma mastitis. 

Veterinarians who have dealt with 
Mycoplasma first-hand can attest to the 
dread that accompanies its clinical 
emergence. One of them who has more 
than three decades of experience with 
it is Paul Blackmer, DVM, owner of Vet- 
erinarian's Outlet, Chino, Calif. 

"Mycoplasma mastitis is a doubly 
insulting disease," says Blackmer. "Not 
only can it be remarkably contagious 
when it is present, but it absolutely 
does not respond to antibiotic therapy. 
In fact, treatment can actually cause epi- 
demics, because it frequently is spread 
by unsound intramammary therapy 
practices. It's a problem that dairy pro- 
ducers must manage their way out of, 
because they can't treat their way out." 




Client education required 

Blackmer believes that helping clients 
understand the serious nature of Myco- 
plasma mastitis is a fundamental obliga- 
tion of all practicing dairy veterinarians. 
"Preventing Mycoplasma outbreaks re- 
quires consistent adherence to specific 
management steps, on the part of both 
the owner and the individuals who 
manage the cows hands-on," he states. 
"Everyone must understand the negative 
consequences that a breakdown in the 
system could cause." 

Those consequences can include non- 
responsive, clinical mastitis; a dramatic 
drop in individual-cow milk production; 
loss of single quarters that can advance 
to complete cessation of lactation; and — 
worst of all — rampant spread of clinical 
mastitis from cow to cow. 
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What's more, the mammary system 
isn't the only area that can be affected 
by Mycoplasma, according to Mark . 
Wustenberg, DVM, Technical Services 
Specialist, Monsanto Dairy Bay City, Ore. 
A former practicing veterinarian who fo- 
cused heavily on milk quality, Wusten- 
berg says respiratory disease and/or 
arthritis also can plague Mycoplasmal^- 
fected animals - usually heifers. 

The outlook becomes even grimmer 
when the effect of the disease on calves 
Is weighed, "Calves that are fed Myco- 



Expansion herds tend to have more 
problems with milking machine function, 
teat-end condition, hygienic udder 
preparation and thorough teat-dipping, 
because it takes time for employees to 
gain experience and for the routines of 
the larger dairy to start clicking. 



pta/no-infected milk can contract inner 
ear and respiratory infections, swollen 
joints and generalized septicemia that 
may become active as clinical mastitis 
upon freshening in first-calf heifers," 
says Wustenberg. (See Case Study 3 on 
page 46 of this issue). 

Just how bad can it get? Within the 
past year, Blackmer has seen more than 
one dairy lose over 100 cows to clinical 
Mycoplasma mastitis In less than a 
month's time. "Make no mistake," says 
Blackmer, "this disease Is a very real 

Continued on page 6 



Mycoplasma outbreak 
examples 

The circumstances that lead to a 
Mycoplasma mastitis outbreak 
vary greatly. Following are recent 
examples of cases observed by 
Mark Wustenberg, DVM: 
■ A herd that switched from teat 
dipping to teat spraying, resulting 
in poor coverage of the teats with 
disinfectant 

B An expansion herd that was 
having difficulty getting new 
animals to use the parlor. The 
milkers shifted their efforts from 
good udder hygiene to moving 
cows — which already were 
affected by commingling and 
stress — through the parlor. 
M A herd that started using a new 
teat dip that was difficult to see on 
the teats, at about the same time 
that a new batch of heifers was 
brought la Teat dipping was . 
sometimes skipped because of the 
problem with dip color. 
D A herd that was diluting medi- 
cation with hypertonic saline and 
then infusing it intramammarily. 
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threat to the economic stability of a 
dairy." 




Changing landscape fuels spread 

When Mycoplasma mastitis was first 
identified and diagnosed in the 1960s, 
clinical cases were confined mostly to 
the then large-herd dairy states like Cali- 
fornia and Florida. Blackmer attributes 
this to the owner-milks-cows versus 
labor-milks-cows phenomenon. "When 
herds in most of the country were small 

enough that the 
owner did most 
of the milking, 

experience has KX awas 
shown inai 

, owners tended 

MyCdpldSMQ to identify and 

outbreaks q"2£- 
occiirmost f\ teoq j!2J 

n , "In larger herds, 

frequently where employ- 

during times of JJ^ptior* 
stress, such through-put is a 

l , major priority, 
aS CaiVing, clinical cases c 

extreme 
weather shifts 5*-^. 

Slid BCriOdS 01 procedures are 

commingling ^ to 
with new 

anim&lS.. ofUdder Health 

Systems, Inc., 
Bellingham, 
Wash., says recent consolidation and ex- 
pansion of herds across the country 
have created conditions that are ripe for 
Mycoplasma* outbreaks. He and the oth- 
er experts offer these explanations why. 
BS Animal stress. Mycoplasma bacteria 
— particularly M. bovis — are endemic 
to the bovine respiratory and reproduc- 
tive tract of many outwardly healthy 
cows and calves. Clinical experience has 
shown that Mycoplasma outbreaks oc- 
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cur most frequently during times of 
stress, such as calving, extreme weather 
shifts and periods of commingling with 
new animals. It is believed that the op- 
portunistic organism takes hold when 
cows 1 immune systems are compro- 
mised. Plus, overcrowding increases the 
likelihood that Mycoplasma bacteria 
could travel from the respiratory or re- 
productive tract of one animal to the 
mammary system of another 
m Animal movement Mycoplasma 
often is introduced when replacement 
animals — particularly heifers — are 
commingled Into a herd. Hdfere fire fre- 
quent carriers because they often are 



can 



raised away from the dairy in "high- 
traffic* facilities and commingled with 
other animals, then shipped to the 
dairy for freshening. If heifers were fed 
Afycoptoma-lnfected milk, there also is 
thechance that they will harbor sys- 
temic Mycoplasma Infections that break 
at calving. Today there's almost no 
such thing as a 'closed herd/ " says Brit- 
ten, adding that breeding bulls are an- 
other potential source of herd contami- 
nation. 

m Milking practices. The principles of 
good milking hygiene are fundamental 
to preventing the spread of Mycoplasma 
from cow-to-cow once a clinical 



fundamentals 



The story of the organisms that 
cause Mycoplasma mastitis contin- 
ues to unfold, via research and clini- 
cal Impressions. Following Is a sum- 
mary of what is currently known 
afcout the bugs and the infections 
they cause. 

U Mycoplasma mastitis was first re- 
ported in the United States hi New 
York In 1962. Much of the early re- 
search on the disease was per- 
formed byD£. Jasper at Cornell Uni- 
versity. 

B There are at least nine strains of 
Mycoplasma that have been isolated 
from milk. Not all are pathogenic for 
mastitis: 

• Mycoplasma alkalescens 

• Mycoplasma agrinini 

• Mycoplasma bovigenitalium 

• Mycoplasma bovirhinis 

• Mycoplasma bovis (responsible 
for 50% or more of Mycoplasma 
mastitis Infections) 

• Mycoplasma califbmicum 

• Mycoplasma canadense 

• Mycoplasma capricolum 

• Untypeable Mycoplasma 

& Mycoplasma organisms have no 
protective cell walls and minimal ge- 
netic mater)al. They are resistant to 




antibiotics in clinical- 
ly infected cows. It ap- 
pears that the organ- 
isms are capable of rapidly changing 
their surface proteins. An animaTs im- 
mune system targets diseasecausing bac- 
teria for destruction by locking onto the 
shape and size of the bacteria's surface 
structures. In the case of Mycoplasma, 
these structures keep changing, the Im- 
mune system Is confused and the organ- 
isms escape. 

B Infected animals are the single most 
Important reservoir of Mycoplasma 
species that cause mastitis. 
B Herds with and without clinical Myco- 
plasma mastitis may include both young 
and mature asymptomatic carriers. The 
organism may be shed in nasal discharges 
of calves and vaginal discharges of heifers 

at calving. . . 

W Mycoplasma bacteria are capable of - 

surviving (but not growing) in milk (60 <■ 

days), air, manure (236 days), urine, feed,-, 
straw, water, etc. 

Hit has been shown that the vaginal dis- 
charges and urine of cows after calving 
are greatly contaminated with several My- 
coplasma species. Milking teats contami- 
nated with vaginal discharges and urine 
could likely lead to clinical mastitis . 



mastitis infection is established, Expan- 
sion herds tend to have more problems 
with milking machine function, teat-end 
condition, hygienic udder preparation 
and thorough teat dipping, simply be- 
cause it takes time for employees to 
gain experience and for the routines of 
the larger dairy to start clicking. 
§3 Hospital management Start-up and 
expansion dairies often relegate the 
hospital to one of the last structures to 
be completed, This leaves substandard 
. or no facilities for segregating clinical 
mastitis cows, allowing Mycoplasmal 
fected animals to spread the infection 
to their herdmates. 




Mark Wustenberg, DVM, 
says infusing anything 
into the udder from a 
bottle is almost a 
guaranteed method of 
spreading Mycoplasma* 



Allan Britten, DVM, MS, 
says, recent consolidation 
and expansion of herds 
across the country have 
created conditions that 
are ripe for Mycoplasma 
outbreaks. 



Paul Blackmer, DVM, 
says Mycoplasma is a 
threat to the economic 
stability of the dairy. 
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B Once established in the milking herd, 
infections are most often spread during 
milking or mastitis cannula infusion. 
B Intermittent shedding by asymp- 
tomatic carriers may interfere with the 
accuracy of screening milk from Incom- 
ing animals. 

B Cows of all ages and at any stage of 
lactation are susceptible to Mycoplasma 
mastitis infections. However, cows in 
early lactation seem to suffer more fre- 
quently and severely because the infec- 
tion may be enhanced by existing in- 
flammatory processes in fresh-cow ud- 
ders. Clinical signs Include: 

• Sudden onset of edematous swelling 
of the udder. 

• Severe clinical mastitis that resists 
treatment, but produces little other ef- 
fect on the cow. Affected animals con- 
tinue to eat and drink normally, al- 
though the udder tissue may be painful. 

• Involvement of more than one quarter 
and up to all four. 

• A marked drop In milk production and 
increase in individual SCC. 

• Abnormal udder secretions that may 
vary from watery milk with a few clots 
to a thick, purulent material in ad- 
vanced cases. Acutely infected cows 
may show a tannish secretion with 
sandy or flaky sediments that resemble 
cooked cereal in a whey-ttke fluid. Ud- 



der secretions may become purulent 
and last for several weeks. 
• Swollen, meaty udders that do not In- 
volute properly during milking. 
9 In most cases, infections become es- 
tablished via invasion of the mammary 
system through the teat orifice. The ex- 
ception to this may be systemically in- 
fected heifers that were Infected as 
calves. 

B from 1 0 to 50% of cows may return 
to a high level of milk production after 
surviving clinical Mycoplasmas mastitis 
during a previous lactation but may 
continue to be intermittent shedders of 
Mycoplasma organisms in their milk for 
the rest of their productive lives, 
fl Lameness due to arthritis caused by 
the presence of Mycoplasma in the 
hocks and fetlocks of mastitic and non- 
mastitic cows is frequently seen In in- 
fected herds. Arthritic involvement indi- 
cates probable long-term presence of 
the bacteria in the animal 
fl Hie organism is very sensitive to the 
pH changes in milk. Best recovery rates 
are achieved when fresh milk samples 
are delivered to the lab and plated soon 
after collection. However, samples also 
can be refrigerated for up to three days, 
and freezing milk samples does not in- 
terfere appreciably with the ability to 
culture Mycoplasma: 



B It appears that any germicide that ef- 
fectively controls Staph aureus will con- 
trol Mycoplasma. Because iodine disin- 
fectants and santtizers appear to be the 
most effective against both Staph au- 
reus and Mycoplasma organisms, It is 
recommended that iodine be the sani- 
tizer of choice in a Mycoplasma out- 
break. 



Sources: 

• Bushnell, R.B., Mycoplasma Mastitis, 
Symposium on Bovine Mastitis, Veterinary 
Clinics of North America: Large Animal 
Practice, VbL 6, No. 2, July 1984. 

• Gonzalez, RN., Mycoplasma Mastitis in 
Dairy Cattle: if Ignored, It Can Be a Costly 
Drain on the Milk Producer, Proceedings 
of the 1996 National Mastitis Council 
Regional Meeting, pp. 37-44. 

• Kirk, J.N. and Lauerman, LR, Myco- 
plasma Mastitis in Dairy Cows, The . 
Compendium of Clinical Education in 
Veterinary Medicine, VoL 16, No. 4, 
April 1994. 

• Kirk, J.N., Mycoplasma Mastitis: 
Overview, University of California-Davis, 
Veterinary Medicine Extension Service, 
Veterinary Medicine Teaching and 
Research Center publication, TWare, Calif. 

• Rosenbusch, R.F., US.-lsraeli Scientists 
Target Cattle and Sheep Diseases, Iowa 
State University Office of Biotechnology 
publication, Ames, Iowa. 
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These factors explain why more 
Mycoplasma cases are creeping Into 
other parts of the country. In Wisconsin 
alone, the Incidence of clinical Myco- 
plasma mastitis outbreaks has climbed 
from just two herds In 1992 to 83 herds 
in 2000, with a total of approximately 
319 herd outbreaks during that time 
span (see Figure 1). Similarly, herds in 
the Pacific Northwest (mostly In Wash- 
ington) have been experiencing a no- 
ticeble increase in the presence of My- 
coplasma from just 18 positive herds In 
1993 to 126 in 2000*(see Figure 2). "It's 
not that we just started screeening for 
Mycoplasma and began to find it," says 

RriH-on "WpX/a hppn Inoklng \OX it 

consistently, and we're truly seeing 
more of it. 1 * 

"Usually, when a Mycoplasma out- 
break occurs, it's because something 
has broken in the regular routine," says 
Wustenberg. "It takes awhile for start- 
up and expansion dairies to establish 
routines, which is how Mycoplasma 

flares up." 

Eliminating one unsound manage- 



ment practice, however, can protect 
dairies from taking unnecessary risks 
with the disease, infusing anything into 
the udder from a bottle is almost a guar- 
anteed method of spreading Mycoplas- 
ma? says Wustenberg. "Once a bottle Is 
contaminated, it becomes the perfect 
reservoir for the organism to prolifer- 
ate. Injecting home brews, saline or 
anything else from a bottle iritothe ud- 
der is a recipe for disaster" 

Blackmer adds that a misguided 
treatment practice is infusing dexam- 
ethasone along with intramammaryanr 
tibiotic therapy to reduce udder-tissue 
swelling. "One complaint we hear fre- 
nuenriv ahnnt undiagnosed, clinical My< 

a «r 

coplasma cases Is that the udder seems 
full but the milk won't come out," he ex- 
plains. 'That's because it is the blood 
vessels and supporting structures in 
the parenchyma— not the milk-storing 
alveoli — that become inflamed in My- 
coplasma Infections. The short-term re- 
sult of this treatment is that the swelling 
goes down, but accompanying antibiot- 
ic therapy is completely ineffective, and 




Injecting home brews, saline or anyting 
else from a bottle into the udder is a' 
redne for disaster 

the course of the disease remains un- 
changed. In the meantime, the bottle of 
dexamethasone often is contaminated 
with Mycoplasma. It is an ill-advised 
and completely irresponsible practice." 
(See Case Study 2.on page 46.) ■ 

Next issue: Mycoplasma diagnosis, pre- 
vention and control 



Mycoplasma mastitis is a propagating epidemic 



Figure 1. Number of new Wisconsin herds with 

Mycoplasma spp. recovered from milk by year. 
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Source Chel B. Thomas, DVM, epidemiologist at the University of Wisconsin 
School of Veterinary Medicine, Madison 



Figure 2. Mycoplasma detected in dairy herds by bulk tank 
culture in Pacific Northwest dairies. 
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Source Allan Britten, DVM, MS, Udder Health Systems, Belllngham, Wash./and 
Larry Fox, DVM, PhD, Washington State University, Pullman, Wash. 
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Mycoplasma mastitis 

could strike in 
any dairy operation 
in the country 
Leading industry experts 
offer advice on bow to 
be prepared 

By Maureen Hanson 



Editors note: Second in a avopart series 
on Mycoplasma mastitis. 

Accurate diagnostics are a critical ele- 
ment in detecting and diagnosing Myco- 
plasma mastitis. Before you can effec- 
tively help clients prevent and control 
*<fie disease, you need to be confident 
that Mycoplasma is, indeed, the organ- 
ism with which you are dealing. 

Mark Wustenberg, DVM, Monsanto 
Dairy, Bay City, Ore, and Paul Blackmer, 
DVM, Veterinarian's Outlet, Chino, Calif., 
emphasize the importance of sampling 
clinical cows and cuituring them on 
both blood agar and Mycoplasma agar. 
As Mycoplasma becomes a larger con- 
cern across the country, Wustenberg 
recommends that practitioners check 
out the diagnostic labs they are using, 
to make sure they can accurately per- 
, form cultures for Mycoplasma and get 
consistent results. 

"Visit the lab personally, and make 
sure they do a high volume of milk sam- 
ples on a regular basis," says Wusten- 
berg. "They should be able to show you 
their techniques, and particularly dem- 
onstrate their quality control measures. 
Finally, you should ask to see some ex- 
amples dMycopbsma-posWlvz cultures 
and verify that the lab routinely cultures 
for Mycoplasma In milk samples, not 
Just swine and poultry" 

Blackmer notes that there Is a mis- 



Whaft a practitioner to do? 

Following are basic, recommended mea- 
sures by Paul Blackmer, DVM, which ev- 
ery dairy veterinarian can follow to help 
all dairy clients protect their herds from 
Mycoplasma mastitis: 

■ Culture every clinical quarter of 
every clinical cow on both blood agar 
and Mycoplasma media. 

• Routinely screen bulk tank samples for 
Mycoplasma. 

■ Sample and culture every fresh heifer 
and purchased animal 

■ Educate milkers on hygienic milking 
and mastitis-tube Infusion practices. 

■ Prohibit all use of bottie-sourced intra- 
mammary infusions. 

For a primer on aseptic milk sampling 
procedures, visit Blackmer's website at 
www.vetoutIetonline.com. 



conception In some regions that Myco- 
plasma is hard to grow in the lab. It isnt. 
He believes the misinformation stems 
from labs using an inappropriate media 
in the early days of Mycoplasma screen- 
ing. 

Many labs read Mycoplasma results 
at three and seven days of growth, so 
this timeframe must be factored into 
the decision-making process in out- 
break management. U Mycoplasma 
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Inadequate teat dipping, milking dirty 
cam and poor daw writhing can 
help •pread MycopUuma. 



growth Is detected in a new herd with no 
Mycoplasma mastitis history, Wisten- 
berg also recommends the additional 
step of validating the sample to confirm 
that It is Mycoplasma and speciating the 
organism to determine which strain is 
involved. 

Today, some labs offer enrichment — 
preincubating milk samples in a broth to 
enhance Mycoplasma growth, then plat- 
ing samples from there — to provide 



extra insurance that Mycoplasma is de- 
tected. Although this procedure was de- 
veloped to better detect and control a 
dangerous organism, Blackmer strongly 
believes that it actually clouds the diag- 
nostic picture. 

"The more we learn about Mycoplas- 
ma, the more we know that the organism 
Is everywhere In the dairy cow's envi- 
ronment,* he explains. "The chances of 
pulling a few Mycoplasma bugs from the 



air Into a milking system are great, even 
with Impeccable sampling techniques. 
So enrichment will allow them to grow; 
creating false-positive results and diag- 
nostic overreacting." 

Unlike Blackmer, Wustenberg sees 
value in enriching bulk-tank samples. 
"We did extensive work on paired cul- 
tures to compare the results of enriched 
and non-enriched bulk-tank milk and 
found multiple instances where we de- 
tected low levels of positive cows after 
enrichment," he notes. The false-posi- 
tives at the bulk-tank level we found 
were few, If any. The trick is to recognize 
that there is the potential for false-posi- 
tives, and develop a strategy to confirm 
before panicking* 

But Udder Health Systems, Inc., 
Belllngham, Wash., owned by Allan Brit- 
ten, DVM, MS, processes thousands of 
Mycoplasma diagnostic samples from 
across the country each year, with no 
enrichment ever used. "I have not seen 
any proof that enrichment yields a sig- 
nificant number of additional, true posi- 
tive samples that would provide better 
control of the disease," says Britten, "it 
adds time and expense to the diagnos- ■ 
tic process and is not the most impor- 
tant variable In the management of 
Mycoplasma mastitis" 

Blackmer's advice instead: "Do di- 
5 rect plating of all milk samples onto^ 
coplasmaagar. tfyouhaveanlntra- 
mammary infection, it wiD show up 
bud and clear" 

Prevention strategies 
The highly contagious nature of Myco- 
plasma makes biosecurity an essential 
element in keeping the disease in check. 

Four groups of animals are at an ex- 
ceptionally high risk of either contract- 
. ing Mycoplasma mastitis or spreading it 
within the herd: 

I. Incoming first-calf heifers 
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2. Other newly acquired animals 

3. Fresh cows 

4. Sick cows entering or leaving the 
hospital for any reason 

There are a number of practical mea- 
sures that the experts recommend to 
prevent Mycoplasma mastitis from en- 
tering and spreading in a herd: 
■ Dedicating separate, sanitary facili- 
ties for maternity and sick cows — 

floor treatment fiyriene car 

turn an isolated clinical 
Mycoplasma case i ' 



turing composite, four-quarter samples 
before releasing them, will help prevent 
newcomers from seeding the rest of the 
herd with Mycoplasma. 
■ Regularly sampling the bulk tank 
and ciihuring for Afycoplasma. Britten 
suggests that bulk-tank samples be taken 
and cultured as frequently a once a week 
In herds larger than 1,000 cows and 
those with a history of Mycoplasma 

mastitis. Sarnpllngm^qnthly 
or every other week may 
be appropriate for smaller 
herds with no previous 



i hi 



a massive 
outbreak virtually overnight 



Mvnrml 



versus misting them together or leaving 
them with the main herd —will help cut 
down on the amount of cross-contami- 
nation when a clinical case occurs. Ide- 
ally the hospital area should have its 
own milking facility for fresh and sick 
cows. If this is not practical, fresh cows 
and the hospital string should be milked 
separately from the rest of the had, 
with thorough sanitation of the milking 
clusters after they are milked. 

■ Cultming every cow as she leaves 
the hospital will help Identify new infec- 
tions that may have occurred in the 
hospital, and keep a potential outbreak 
'inTcheck. * 

■ Quarantining Incoming groups of 
heifers or individual animals and cul- 



■ Scrupulous udder hygiene 
4 — including thorough pre- 

and post-dipping of teats, us- 
ing individual doth towels 
and maintaining excellent teat-end condi- 
tion — also will prevent the spread of 
Mycoplasma. 

■ Good teat rannnlji mnnAffpir^f afcp 

cannot be overemphasized. Toor treat- 
ment hygiene can turn an isolated 
clinical Mycoplasma case Into a massive 
outbreak virtualry overnight," says Black- 
mer. "Even having more than one treat- 
ment cannula exposed in the hospital or 
parlor is risky, given the very high likeli- 
hood that it could be seeded with Myco- 
plasma from the air, flies, fingers, swish- 
ing tails, splattering urine or uterine dis- 
charge before it enters the teat orifice.'* 
■ Culturing every c&nlcal quarter of 
every cow with clinical mastitis will 
help producers pinpoint Mycoplasma 

Continued on page 16 



1-.:'.' .•»;).■•».-• ■*.■ 




Clinical Mycoplasma mastitis often produces severely altered mammary 
that appear tannlah in color with hard, gritty dots. 
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cases and deal with them knowiedgabhy. 
Wustenberg also suggests monitoring in- 
dlviduakrow SCCs and culturing cows 
that convert from an SCC below 200,000 
to above 200,000 In a one-month period. 
■ Culturing composite milk samples 
from all fresh heifers (and also fresh 
cows If the herd has a history of Myco- 
plasma mastitis) also Is advised. 
The subject of backflush units also 
- stirs some-debate among the veterinari- 
ans. "Backflush units can easily create a 
false sense of security that causes a 
dairy to cut corners on the other funda- 
ments! practices that are important for 
effective Mycoplasma control," states 
Blackmer. They also tend to use an ex- 
cessive amount of water and chemicals, 
and often the valves don't stay dean* 
They can cause deteriorating milk quali- 
ty, and their external surfaces remain 
fomites* 

But Wustenberg and Britten aren't so 
quick to cancel out the technology. 
Wustenberg likens backflush to a rider 
on an insurance policy. "You can buy dif- 
ferent levels of insurance, and some 
dairymen are more risk-averse than oth- 
ers" he says. "Backflush does not re- 
place good, basic management practices, 
but, when used and maintained appro- 
priately, it can be part of the solution," 
Britten adds that, like virtually any 
technology, backflush can be useful but 
only when it's used appropriate^. "It cer- 
tainly doesn't make any sense to put a 
dirty machine on a healthy cow," he says, 
"but if backflush is going to be used for 
protection, it has to be functioning effec- 
tively and safely, ft is an important role 
for the veterinarian to provide counsel 
to clients and communicate with equip- 
ment dealers and technicians. The prac- 
titioner should be regularly evaluating 
the system for alignment, leakage and 
germicide coverage and pointing things 
out that need improvement" 

Outbreak offense 

When a routine bulk-tank culture shows 
' positive for Mycoplasma, the best<ase 
scenario Is that It amounts to no more 
than a single, culprit cow being identi- 
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asma diagnosis? 

:One of the challenges of managing Mycoplasma mastitis out- % 
..breaks to date has been waiting out the threfrtoten-day period 
|&hat ft took to achieve precise culhjre results. Those days may 
"» over, with the advent of porymerase chain reaction * 
technology; ' ■* •?/•.'*. 

I Is the quick method tor generating uruiinh^ copies o<arryfra^nent 
■trfDNA. Sometimes referred to As "molecular photocopying," ft can character- 
be, analyze and synthesize Any specific piece of DNA or RNA. This exciting 
new technology Is less than 15 years old. '*.'..: ' 
•y Udder Health Systems, mc^ Belllr^iarn, Mtelu Is one of the first mastitis 
^diagnostic labs to the country equipped to perform PGR. Owner Allan Britten, 
;TMi^ says TO is a breakthrough m 

up the process of diagnosing Mycoplasma mastitis. "Using current methods, 
we don't declare a sample Mycaplasma*ie%flm until a full 10 days after cul^ 
! ■turlng,* says Britten. The hazard with that timeframe is that potentially In- 
: vfected animals are not dealt with until the results are bade Because Mycoplas- 
ma sheds in such high numbers from Infected animals, every day is critical in 
| making a decision about those cows," 

Britten and his staff are currently conducting an in-house research project 
to evaluate the sensitivity and specificity of PCR compared to standard cultur- 
ing for Mycoplasma organisms. Although the outcome of such a comparison 
j£ could vary from one diagnostic lab to the next — depending on the methodol- 
£ ogy used — a favorable outcome for PCR could mean much more efficient My- 
I. . coplasma diagnostics in the future 

"PCR results for Mycoplasma can be obtained in four to five hours, so a lab 
could deliver diagnostic results virtually overnight" says Britten .Another ap- 
pealing feature about the technology Is that, when done with proper controls, 
PCR eliminates confusion with a confounding Mycoplasma look-alike. "When 
screening mi Ik for A* bovis DNA with PCR, you don't have to wony about get- 
ting false-positive Acholeplasma laidlawii results" he notes. 

The test Is flexible, in that it can be manipulated to screen for Mycoplasma 
species in general or for individual, specific strains. Individual tests can be 
performed for spedation of each strain. PCRspecJation can be done on Isolat- 
ed colonies && Mycoplasma agar or directly from milk be/ore Isolation. 
. In fact, Britten is so confident In the accuracy of PCR for Mycoplasma 
£ spedation that It Is the one service for which his lab currently offers PCR on a 
I - commercial basis. 

v Britten says his staff has embraced the method fairly qulckry, noting that 
?;• .new microbiology graduates are now trained on PCR methods in school. "The 
i.tnore 'seasoned' technologists among us have had to go back to the laborato- 
1 ry classroom for PCR training, but it Is not a difficult technique to learn," he 
ij^ays. 'iu*> x ri\- J* ■• ; -«.- -% ■' ■ •• • 

Although the equipment and related accessories needed to perform PCR 
t becoming less expensive, Britten says cost is still a concern. Labs inter- 
u tested In adding PCR services should allocate a start-up budget of $30,000 to 
£ $40,000. He says the pertest cost still hovers over $15, but that he hopes the 
| technology will continue to become more economical 
' Udder Health Systems routinely performs diagnostic work for veterinary 
practices across the country. 

For more information on PCR, contact Udder Health Systems, /no, 6401 Old 
Guide Road, BeUingham, WA 98226, 360-398-1360, ndder@ax.com 
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fled and culled. A positive tank alone 
does not automatically spell disaster, 
Wustenberg points out, because in this 
scenario the problem can be identified 
and eradicated very swiftly. 

Detecting the perpetrators) may re- 
quire various levels of investigation: 



.is.-.- •,' -..* ; 
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In some cases, a new heifer or clinical 
cow immediately sticks out and is found, Uterine discharge on the udder— 



an especially common sight a! calving ■ 
can spread Mycoplasma to the — — . - 
mammary system. 




Mycoplasma organisms lade ceD walls 
and are resistant to antibiotics In the 
mammary gland, 



confirmed and'culled. Such animals will 
- be even more -obvious on dairies where 
routine cultures are performed on every 
cow undergoing intramammary therapy. 

■ The next level of Investigation is string 
sampling: culturing composite samples 
from milking strings and then perform- 
ing Individual-cow cultures only on the 
animals in the positive string(s> 

■ In cases with heavy bulk-tank Myco- 
plasma loads (heavy growth) and/or a 
herd history of Mycoplasma mastitis, 
whole-herd culturing to detect the posi- 
tive cow(s) may be warranted. 

The other way that Mycoplasma 
typically surfaces in a herd is a high inci- 
dence of nonresponsive mastitis cows 
in the hospital. Wustenberg says that in 
those cases, the bulk tank may never 
even go positive, because clinical masti- 
tis milk fs withheld from the tank, and 
the Afycop/asmo-positive cows are either 
culled or identified via culturing of clini- 
cal quarters. Or, the Incidence of infect* 
, ed cows is low enough that It dilutes out 
in the bulk tank. 

What to do with Mycoplasma-pos i Live 
cows is another issue of some debate In 
the industry. If the problem stems from 
one or two cows, culling is deemed the 
most appropriate measure. Likewise, no 
. one beDeves that chronic clinical cows 
should be kept around. 

But in the case of larger-scale out- 
breaks, "wholesale culling may be an 
extravagance that some dairies cannot three samples taken in a row, the first 
afford," says Blackmer. This is particular- cow may be clinical and show obvious, 
ly true In expansion situations, when the confluent growth. The next one may 




Cows with active Mycoplasma intra- 
mammary infections shed the organism 
In massive quantities, causing positive 
cultures to show heavy growth. 

in a true clinical case, sample contami- 
nation can be a common problem. Black- 
mer describes a trailer effect" that poor 
sampling technique can produce: "In 



dairy Is underpressure to maintain cow 
numbers for collateral. 

One diagnostic concern is the cow 
that cultures Mycoplasma-posWsvz but 
exhibits no clinical signs. Given the high 
number of colony forming units (CFUs) 



show moderate growth, and the third 
one a trace of Mycoplasma, What proba- 
bly happened Is that the second and 
third cows were normal, but their sam- 
ples were contaminated In the collection 
process." 



Blackmer recommends re-culturing 
positive animals that appear healthy, to 
I confirm their Mycoplasma status before 

taking further action. Similarly, Britten 
| suggests physical examination and a 
J CMT test for such animals, with another 
I culture if they are CMTiiegathre. Most 
I Important, both practitioners empha- 
size the Importance of carefully training 
the Individuals taking the samples to re- 
duce the incidence of contamination er- 
rors. 

The other animals that present a 
quandary are known Mycoplasma cows 
that resolve the Infection and remain 
productive. Rather than Immediately 
culling these cows, Blackmer sometimes 
suggests permanently Identifying and 
\ moving them Into a segregated, "to-be- 
culled/dcMlot-b^eed/]unk ,, string, along 
with cows that are confirmed positive 
but show no clinical signs. The main 
herd is then clean and pathogen-free, 
and the Mycoplasma cows can be milked 
until the end of their productivity, which 
may be years later. 

Mycoplasma bacteria in pasteurized 
milk pose no known human health risk. 
Blackmer says cows that have survived 
one episode of Mycoplasma mastitis 
often endure and resolve subsequent 
I flare-ups. No antibiotic or supportive 
J therapy is needed, but if the clinical 
i state becomes chronic or their produc- 
t tivity drops to a point of negative prof- 
itability, they should be culled. 

This approach to temporarily sal- 
vaging Afcop/asmo^qsltfve animals 
may sound easy. It's not Blackmer cau- 
tions that the individuals working with 
these cows must be thoroughly educat- 
ed about the highly contagious nature 
of the disease and trained to protect the 
rest of the herd from contamination 
without faiL Steps in that process in- 
clude: 

■ Double-identify Mycoplasma-posltive 
cows with leg bands, ear tags, ear 
notches, etc. 

■ Milk the junk string at a designated 
sequence In the dairy's milking sched- 
ule, with thorough sanitation of the 
milking system — including Internal 
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AlthouMi more needs to be learned 
about the organism, one thing is certain: 
Mycoplasma mastitis is heretostay 



and external surfaces of clusters — after 
they pass through the parlor. 

■ Never allow cows from the Junk string 
to enter the hospital, where they could 
contaminate cows from the clean herd, 

■ Never feed milk from known Mycoplas> 
mo-posltive cows to calves, even If pas- 
teurization is available. The risk of a 
breakdown in the process and subse- 
quent infection of the calves Is too great. 

The decision of whether or not to 
temporarily keep Ar)rop/as/no-positive 
cows on a dairy will vary from case to 
case and should be based on the dairy's 
economic condition; number of animals 
involved; level of milk production and re- 
productive status of infected animals; 
and the availability and price of replace- 
ments. Dairy managers also need to 
seriously consider whether they believe 
their staff and fadDrJes can accommo- 
date effective isolation and management 
of A/>cop/ajmfl-positive cows. 

Hospital hot spot 

in the throes of a severe Mycoplasma out- 
break, other vigilant management efforts 
are needed Clinical cows should be 
moved away from the rest of the herd to 
an isolation area. Blackmer prescribes a 
strict halt to anything going into any 
cow's teat end in the hospital — no mas- 
titis tubes, no dilators, nothing. 

"I am not a believer in the *no intra- 
mammary therapy* approach to clinical 
mastitis management, but in the case of 
a Mycoplasma outbreak, I make an ex- 
ception," says Blackmer. "The value of 
protecting Mycaplasma-negative cows in 
the hospital outweighs the benefit of 
treating them for other types of mastitis" 

The practitioner describes some 
dairies' hospitals in the middle of an 
outbreak as "myco city." The heavy path- 
ogen load thai Is shed from Injected ani- 
mals can quickly overwhelm the usually 
small hospital bam, to the point where 



virtually every exposed surface is con- 
taminated. Blackmer suggests dairy foam 
disinfection of the hospital's walls and 
other exposed surfaces to reduce the en- 
vironmental presence of Mycoplasma. 

if the hospital has its own milking facil- 
ities, he also recommends a thorough 
cluster-dunking process to disinfect milk- 
ing units between every hospital cow. 

learning to live with It 

Although more needs to be learned about 
the organism, one thing is certain: Myco- 
plasma mastitis is here to stay. Its highly 
contagious nature, ability to survive in 
the environment and massive pathogen 
loads shed from infected animals make it 
uniquely challenging to control. As it sur- 
faces in new areas of the country, the dis- 
ease will only add to the managerial mix 
in today's changing dairy industry. 

The penalty for error with this dis- 
ease is pretty high," says Britten. "It be- 
hooves us all as veterinarians to get a 
good handle on how to manage it before 
we have to deal with a clinical outbreak." 

Blackmer relates a Mycoplasma-ed u ca- 
tion example often used by a former Cali- 
fornia extension agent "He would stand 
in front of a room of veterinarians or 
dairyman holding up a vial containing no 
more than 10 mL of milk and say, 'In this 
vial I have enough Mycoplasma bacteria 
to infect every cow in California'.* 

"He was right, but the example may 
not have completely hit home for the lis- 
teners until they dealt personally with a 
Mycoplasma outbreak," Blackmer says. 
"Client compliance is much higher if a 
dairy producer has endured a bout with 
the disease. Unfortunately, a growing 
number of producers and veterinarians 
across the country are receiving crash 
courses in Mycoplasma management. It is 
not an impossible disease to control but 
it's certainly one that should keep us all 
on our toes." ■ 
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Kokjer, Kircher, Bowman and Johnson 

2414 Commerce Tower 

911 Main Street 

Kansas City, MO 64105-2088 

Before CALVERT, NASE, and CRAWFORD 

Administrative Patent Judges 

CALVERT 

Administrative Patent Judge 

ON BRIEF 
DECISION ON APPEAL 

This is an appeal from the final rejection of claims 1 to 3, 5 and 9 to 11, the 
examiner having indicated in the answer that, as to the other claims remaining in 
the application, claims 21 to 24 are allowed, and claims 4, 20 and 25 would be 
allowable if rewritten in independent form. 

The subject matter in issue is exemplified by claim 1, the only independent claim 
on appeal, which reads (emphasis added) : 

A liquid-jet cutting device comprising: 

a cutting element for emitting a liquid-jet stream to cut a product located 
upon a product support surface; 

an assembly for moving the cutting element between a cutting position located 
a cutting distance, within a cutting range, from the product and an idle position 
located an idle distance from the product support surface; and 

a deflector disk, located proximate the idle position of the cutting element, 
to deflect the liquid- jet stream when the cutting element is moved to the idle 
position . 

The reference applied in the final rejection is: 



Driver 5,318,395 Jun. 7, 1994 
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Claims 1 to 3 , 5 and 9 to 11 stand finally rejected as being anticipated by- 
Driver, under 35 U.S.C. § 102 (b) . 

We note initially that on page 11 of the brief, appellant argues that Driver is 
nonanalogous art. This argument will be given no consideration, because it is well 
settled that "the question whether a reference is analogous art is irrelevant to 
whether that reference anticipates." In re Schreiber, 128 F.3d 1473, 1478, 44 
USPQ2d 1429, 1432 (Fed. Cir. 1997) . 

The basis of the rejection is set forth on pages 3 and 4 of the final rejection 
(Paper No. 11) . 

Appellant argues that Driver does not anticipate claim 1 because there is no 
disclosure of the two limitations underlined in the copy of the claim, supra. With 
regard to the first of these limitations, i.e., the recitation "to cut a product 
located upon a product support surface," the examiner argued in the final rejection 
(page 7) that Driver meets this limitation because the pipeline 30 supports the 
product (liner) 35 to be cut. Appellant, on the other hand, asserts that this 
limitation must be interpreted "to be a surface which supports the product around 
where it is being cut," otherwise the limitation is superfluous (brief, page 7). 

It is fundamental that during the examination of an application, the pending 
claims must be interpreted as broadly as their terms reasonably allow, and that 
limitations appearing in the specification may not be read into the claims. In re 
Zletz, 893 F.2d 319, 321, 13 USPQ2d 1320, 1322 (Fed. Cir. 1989) ; In re Prater, 415 
F.2d 1393, 1404, 162 USPQ 541, 550 (CCPA 1969) . Here, all that claim 1 specifies is 
that the product is "located upon a product support surface," and does not require 
that the product be supported at the point where it is being cut. Driver's liner 
35, the product being cut, is located upon the surface of pipe 3 0 which supports 
it; therefore, interpretating the limitation in question as broadly as reasonable, 
it is met by Driver, even though Driver's liner 35 is not supported (i.e., backed 
up) by pipe 3*0 at the point where it is being cut by the liquid from nozzle 604. If 
this limitation is superfluous, as argued by appellant, that is simply an 
indication of its breadth. 

*2 Turning to the second limitation in dispute, the examiner argues (answer, 
pages 5 and 6) : 

[t]he phrase "to deflect the liquid-jet stream " should not be construed 

as defining structure. It does not describe any structure; it merely expresses what 
the disk is desired to do. However, it has well been established that, a recitation 
of the intended use of the claimed invention must result in a structural difference 
between the claimed invention and the prior art in order to patentably distinguish 
the claimed invention from the prior art. If the prior art structure is capable of 
performing the intended use, then it meets the claim. In re Casey, [370 F.2d 576, 
580,] 152 USPQ 235 [ [, 238] (CCPA 1967) ; In re Otto, [312 F.2d 937, 940,] 136 USPQ 
458, 459 (CCPA 1963) . Therefore, it is irrelevant whether Driver's disk deflects 
fluid when the cutting element is moved to the idle position. However under certain 
conditions such as when Driver's device is inserted in a pipe section that already 
has been ported, Driver's disk will certainly deflect fluid when the cutter is 
moved to the idle position as there is no liner material between the cutting 
element and the disk to hinder the stream of fluid from hitting the disk. 

Although we appreciate the examiner's position, we do not agree with his 
argument, because in our view the disk 62 0 of Driver is not capable of performing 
the intended use recited, i.e., of "deflect [ing] the liquid-jet stream when the 
cutting element is moved to the idle position." While the disk 620 is located 
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"proximate the idle position" of cutting element (nozzle) 604, as claimed, it 
cannot perform the function of deflecting the jet from the nozzle 604 when the 
nozzle is in the idle position (Fig. 7), because, since nozzle 604 does not emit a 
jet when it is in that position there is no jet to be deflected; as disclosed by 
Driver at col. 5, lines 27 to 36 (see also claim 5), supplying fluid to cutter 600 
will cause the nozzle 604 to move outward (from the Fig. 7 idle position) and 
contact the inside wall of the liner (Fig. 8). The examiner's statement in the last 
sentence of the above-quoted argument is not understood, since a stream of fluid is 
not emitted from Driver's nozzle 604 when it is in the idle position. 

Our conclusion that claim 1 is not readable on the Driver apparatus is not 
contrary to the Otto or Casey decisions cited by the examiner. [FN2] Unlike those 
cases, the present limitation does not constitute "a method concept" which may not 
be relied on to distinguish a structural claim over the prior art (Otto, id.), or a 
manner or method of using the claimed machine "which is not germane to the issue of 
patentability of the machine itself" (Casey, id.). Rather, the limitation is in the 
nature of a structural limitation, in that it effectively requires a cutting 
element which is capable of emitting a liquid-jet stream when in the idle position,* 
otherwise, there would be no stream for the disk to deflect. Driver does not 
disclose a cutting element which can operate in such a manner, and therefore does 
not anticipate claim i. we note in this regard that "[t]here is nothing 
intrinsically wrong in defining something by what is does rather than by what it 
is." In re Echerd, 471, F.2d 632, 635, 176 USPQ 321, 322 (CCPA 1973) . 

*3 Accordingly, the rejection of claim 1, and therefore of claims 2, 3, 5 and 9 
to 11 dependent thereon, will not be sustained. 

Conclusion 

The examiner's decision to reject claims 1 to 3, 5 and 9 to 11 is reversed. 

No period for taking any subsequent action in connection with this appeal may be 
extended under 37 CFR § 1. 136(a) . 

REVERSED 

BOARD OF PATENT APPEALS AND INTERFERENCES 

IAN A. CALVERT 

Administrative Patent Judge 

JEFFREY V. NASE 

Administrative Patent Judge 

MURRIEL E. CRAWFORD 

Administrative Patent Judge 

FN1. Application for patent filed July 10, 1995. 

FN2. See also In re Schreiber, 128 F.3d at 1477, 44 USPQ2d at 1431 ("the recitation 
of a new intended use for an old product does not make a claim to that old product 
patentable" ) . 

1998 WL 1736155 (Bd.Pat.App & Interf.) 



© 2005 Thomson/West. No Claim to Orig. U.S. Govt. Works. 



1998 WL 1736155 (Bd.Pat.App & Interf.) 

(Cite as: 1998 WL 1736155 (Bd.Pat.App & Interf.)) 

END OF DOCUMENT 



® 2005 Thomson/West. No Claim to Orig. U.S. Govt. Works. 



,SEP 23 2003 12:57 PR CISTI ICIST 613 998 4926 TO 17033053585 

r 

Kcxtorch in Veterinary Science 1980, Z9, 32S-332 

Effect of serial passages through liquid medium on the virulence 
of Mycoplasma bovis for the mouse mammary gland 

C J. Thorns and E. Bouohton 

Central Veterinary Laboratory* New Haw, Weybridge, Surrey 



The moose mastitis model was used to examine 
strains of Mycoplasma bovis. Strains that had been 
passaged in liquid medium more than 60 times were 
markedly less virulent than the same or different 
strains with fewer passages. Whereas the low passage 
'trains nrndyeed a svstemk resDonse in some mice and 
severe pathological and hfstopathologicai changes 
in the mammary glands of all, the high passage 
strains produced only minor histopathological changes. 



the experimental mouse mastitis model (Chandler 
1970) has been used to study mycoplasma (Ander- 
son ei al 1976) and ureaplasma mastitis (Howard 
et al 1975) and was found to be a suitable animal 
model for investigation of these infections, Anderson 
et al (1976) found that a recent field strain of Myco- 
plasma bovis showed virulence for mice similar to 
that found in cattle. Furthermore the type strain of 
M bovis (NCTC 10131) did not multiply to the same 
extent or cause such a severe neutrophil response as 

the field strain. 

The mouse model makes possible fuller studies of 
mammary infections by M bovis and a comparison 
of infections by various strains. 



Materials and methods 

Mycoplasma bovis strains 

The type strain (NCTC 10131) and four Weybridge 
isolates, 5M192, 5M1171, 6M206 and 6M1170, 
from the lungs of calves were used. The Weybridge 
isolates were cloned at least three times and identi- 
fied using the indirect fluorescent antibody test 
All strains were grown in E broth containing 20 per 
cent horse serum, as described previously (Thorns 
and Boughton 1978) and incubated at 37°C. The 
number of viable organisms per ml was determined 
as colony forming units (CFU) on agar medium 
incubated in an atmosphere of about 7 per cent 
carbon dioxide in air. Serial passages were per- 
formed in E broth, subculturing every 48 to 72 h. 
Each passage represented approximately a 30-fold 
dilution of the* inoculum. 



Mice 

Primiparous mice of the CFLP strain were used 
five to eight days after parturition. The inoculations 
were performed 1 to 2 h after the offspring had been 
removed from their mothers. 



Mouse inoculation * 

Mice were inoculated in the fourth mammary 
glands from anterior on right and left sides (R4 and 
L4) as described by Chandler (1970) with 0-1 ml of 
E medium containing a known number of CFU of 
M bovis. A control group was inoculated with 0*1 ml 
of E medium only. Both the inoculated glands were 
removed at necropsy on the third day. 

Necropsy procedures 

Both the glands were halved, one half being fixed 
in 12 per cent neutral buffered formalin for histo- 
logical examination. The other half was ground in 
2 0 ml of E broth and the number of CFU in the 
homogenate determined, so that the number of 
CFU in the whole gland could be calculated. The 
homogenate was also spread onto sheep blood 
agar plates and incubated aerobically at 37°C to 
check for bacterial contamination. 

The percentage of lactation tissue was calculated 
from histological sections by counting the number 
of points on a 100-point graticule at x63 magnifica- 
tion that fell on either alveoli or blood vessels. 
Twenty-five fields were counted for each group of 
mice and an average was obtained (Anderson et al 
1976), 

Immunapcroxidast staining 

To demonstrate mycoplasmas in the infected 
mammary glands sections were stained using a modi- 
fication of the immunoperoxidase stain (Hill 1978), 
The paraffin embedded sections were passed through 
two changes of xylene (10 to 15 sec for each change) 
and three changes of 95 per cent ethanol (10 to 15 sec 
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for each change). All the fides were placed mm 0 5 per 
cent hydrogen peroxide ia methanol For _3C m.nto 
block any endogenous peroxidase activity. Pre 
JdVorption for 30 mln in phosphate buffered salme 
(PBS), pH 7-2, containing 3 per cent norma 1 goat 
serum was then carried out. After 5 mm m buffer 
the sections were treated with an optimum dilution 
o Sserum (rabbit anti-M boy is) « roorn t ttnv 
oerature for 30 min. The sections were washed in 
Kaiges of buffer for 10 min e^ wash. Jen 
treated with optimally diluted peroxidase > «njugated 
with anti-rabbit IgG serum (P^ m goats, MH« 
Biochemicals) for 30 mm and washed again wun 
Suee changes of buffer for 10 min each was^They 
were then treated with 0-05 per cent 3 * d > amino : 
Sdine tetrahydrochloride <*«^ 
tris, P H 7-6) and 0-01 per cent «y^f"..^ 0 *"£ 
for 5 min to stain the peroxidase. The si des were 

lor j mm iu _ r _ ^ „«,ml»rstained With 

S^'l*? ^d-5*Sd "and rnounted. 
Cont?Kes were similarly treated but using 
normal rabbit serum. 

Experimental design 

To investigate the difference in virulence between 
high and lo "passage strains of M 
fivVmice were used. The first W*™*™ 
inoculated with strains passaged in broth no more 
than four times. Two groups were »n^ ated *™ 
Sns passaged 33 or 61 times ^ 

inoculated with strains PaW?* °' J^JSTe 
A control group was inoculated with sterile E 

medium. 
Results 

Effects of inoculation of low passage straws of 
M bovis 

When groups of mice were inoculated with low 
paTgTsfrairis a systemic response was produced 
in one or two of the mice in each group 
T^ese mice hadruffled coats and • 
were hunched in appearance and disinclined to umm^ 
There was macroscopic evidence of >£ta»°" 
of the mammary glands in all the mice. Glands were 

swollen and hard, with «^,^ "J*,!?? 
there was some extravasation of blood celh fTable 1). 
K histopathologic^ changes in all the glands were 
«v*re. although only with strain 5M192 «n more 
organisms recovered from the glands than w «e 
inoculated (Table 1). The neutrophil response ui the 
dutS of glands inoculated with low passage strains 
wasintense, most of the cells appearing pyknotic. 
Ttoe was a marked reduction in alveolar diameter 
compared with the control glands and some de- 
generative changes in the alveolar epithelium. There 
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FIG I* Mouse mammarv gland three days after inoculation with M bovls strain 3M192 passaged 
three times in E broth. The alveolar architecture has been obscured due to perialveolar cell 
infiltration. Giemsa x400 



was also a mild infiltration of mononuclear cells in 
the perialveolar area and interalveolar fat, obscuring 
the alveolar architecture (Fig 1). There was a small 
reduction in lactation tissue compared with the 
glands inoculated with sterile medium (Table I). 



Effects of Inoculation of strains subcidmred 33 and 
6 1 times in £ medium 

Strain 6M206 passaged 33 and 61 times failed to 
produce a systemic response in any of the mice, but 




FIG 2- Mouse mammary tfand three daysafter inoculation with M bovtr strain 5M19* pa waged 
138 times in E broth. The alveoli arc normal containing milk products and their archirecture 
is clearly visible. Giemsa x 400 
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^^^^^H!rf mouse three days after mogadon wkh E broih. The alveoli are l.r S e 
FIG 3: Mammary gland of mouse inre =r"» ^ 
and there is no neutrophil response. G.emsa x«0 




,-3Gi)-W-jrtS » '•• 1 '■ „__...« oiand thre* day* after inoculation 

FIG 4: Immanoperwidase stainm, «two^«um l.otaeurrf 

with Af tovf^irain 5M192 ^J'^^SdSiS whh cell m:mbran«. x400 
Hiscrete micrecolonies can be seen aires 



and discrete micrecolonies 

stands from four and three mice res P =ctively showed 
glands from iour -. inflammation with a 

macroscoptca =v dence of mn ^ 

^n-S^ZZ of organisms recovered was 
7mt ?o tf£ r!5*«d from low passage «i»n>. 



Effects of inoculation of high passage strains 

The three high passage strains (9 1 to 1 38 passages) 
did not produce a systemic response in any of the 
mice and glands from only one mouse m each of 
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two groups showed signs of inflammation (Table it ). 
Z g aids from the rest of the mice were white ,and 
full of milk, similar in appearance to thecojijd 
g.and, Where a neutrophil ^gfl£3 

macV^™^ 

SvTo^weTnormal, many full of j£* 

»h.ir architecture was c early visible (Fig 2). torn 

^^STow passage strains fewer organism 

wwTrecovered. The percentage of lactaUon t issue 

Sd?lil in two cases there was no involuhon 

relative to the control glands. 

Effects of inoculation of sterile E broth 

The glands inoculated with E medium showed no 
neufropluTresponse and most of the alveoh were full 
of milk products (Fig 3). 

Immunoperoxidase staining 

Mycoplasmas localised in discrete microcopies 
appSS associated with cel. ^mbrar^ (F g * 
were present in all inoculated glands. No P«<« 
Sing w\s seen in any of the control umnoeulated 

glands. 
Discussion 



The four low passage strains of M bovu aU pro- 
duced a severe inflammatory response in toe 

mammary glands. The ."-^^^JJt 
infected glands was similar to that previously 
reported (Anderson er at 1976) for Mbovis infwbons. 

no previous reports of a systemic response 
So^SKlatingmice with or 
mycoplasmas (Howard et al 1975; Anderson et al 
$5? £7. number of generalised reasons were 
found when low passage strains were used in these 
experiments. That these reactions were due to 
bacSSnnvasion seems unlikely as the mammary 
SX w£ free from bacterial Ig^"*"* 
Howard et al (1973) found no differences between 
strains of mice in the severity of ureaplasma mastms, 
Se^ssibility that our strain of mice may be more 
. sensitive to mycoplasma infection cannot be ruled 

° U When strains were passaged more than 90 times 
their virulence for the mouse ^mary gland was 
reduced. In most cases the neutrophil responsewas 
reduced so that there was no gross evidence of 
Sanation and, if: present^ it was mUd w,«i no 
degenerative changes in the epithelium of the 



alveoli and ducts. Anderson etal(\9U) found Imarked 
differences in virulence between the awulent 
vSelSain IW and the highly virulent Gladys- 

dale strain of Af mycoldc,***? "^JfEwI, iSi! 
lesser extent differences between M bovls strain 
NCTC 10131 and strain Ab/1, a recent isolate. We 
Sere able to show differences in virulence as marked 
a, the differences between the two strains of to 
mycoldes subsp myeoides. It seems *■* 
strains passaged many times in liquid medium lose 
their virulence for the mouse mammary gland. 
Inmunoperoxidase staining showed I the orga una. 

existing indiscrete ^J^f^SSS^St tt 
ST^K L^A^Z similar micrc 
SKthe mammary glands of «gh "J^J 
their results postulated that a soluble factor, possibly 
a h^ol«in%as involved in pathogenesis. How- 
ImhSS et at (1968) and Bennett and Jasper 
noVb ci oostutete Immunological mechanisms 
whereby interactions between the organisms and 
Sody may cause tissue damage. Bennett and 
Sn«(1978a, b, c) have sho*n a temporary defect 
Sular and humoral immunity -ly m mfecU°n 
when cattle have been infected »» 
possible that the avirulent strains are therefore berag 
cleared from the tissues by immune mechanisms. 

WhateveTmechanisms the virulent strains have 
losTo^modified, they should provide further insight 
So VSKm* of M toWi mastitis wh*h 
Said perhaps lead to a stable vaccine for this 
disease. 

Received for publication December 11, 1979 
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Restriction earonuclease analysis (KBA) wita three enzymes Stool* Ps&, BarriHl- was used to 
identify 13 different genomic groups among 37 Mycoplasma bowls strains. One genomic group was 
cornprised of 14 strains. Sodium dodecyl sulfate polyacryiamidc gel deotrophoresii (SDS-PAGH) 
patterns for one strata chosen from each genomic group rod en International reference strain P045 
were ail similar. Antigenic variability In ht bovis species was investigated by iirununombtring, using 
serum from a caif that had been naturally infected with A£ bovts and three Af* eovfr-apeciiic monoclonal 
antibodies - mAbs N* I 2 and 5D7. Twenty M* bovis field strains were tested, comprising one from 
each genomic group* six from the same genomic group and the reference strain. Antigenic profiles 
obtained with calf serum differed markedly one from the other; the heterogeneity being equally great 
among the strains belonging to the same genomic group as those corning from Different groups. A 
stable antigen common to 164 out of 168 strains was detected by mAb N a , whilst with mAta I 2 and 
5D7, two different membrane antigenic systems were demonstrated met were strikingly variable 
These variations in expression occurred not only from one strain to another* but also within the same 
lineage of clones from a single cell 

Keywords; Mycoplasma bovir, Variability, antigenic, genomic; Monoclonal antibody; 



L Introduction 

Mycoplasma (MO book has an important role In many bovine diseases. It has been 
shown experimentally to be pathogenic for (ha respiratory system (GourJay at al.» 1976, 

*Ooa*spondlng author 
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1 Oourlay ajid Houghton 1985), for Joints (Pfatzner et aL, 1983, Chima et aL, 1980, Gourlay 

et aL, 1976, Stalhelm aid Page, 1975), for the mammary gland (Bennett and Jasper, 1978, 
Horvath et al., 1983) and for the reproductive system (Stalhelxn and Proctor, 1976, Book- 
lfcch et all, 1986). bovis occurs In cattle all over the world (Emo and Perreau, 1985) 
cmjs{ngfi3f ten6ive gnomic losses (Thomas and Jasper, 1982, Jasper, 1982, Pfutzner, 3984, 
Oourlay et al., 1989) . In Prance, Af, boots Is often the cause of respiratory diseases in calves 
(PourWt et al, 1988, 1991). 

The control of M. tonfo-wlated diseases would be greatly assisted if a specific, sensitive 
and rapid diagnostic technique could be developed, capable of detecting all M* bovis strains. 
By using tnonoolonal antibodies (Heller et al., 1992, Boothby et aL, 1986) or nucleic add 
probes (Demtth et al. f 1992, McCully and Broch, 1992, Mattsson et al., 1991), it should 
be possibje to improve substantially both specificity and rapidity of diagnostic methods. 
However,! if very specific reagents were used, it oould result in detection of only some of 
the knowiji strains, particularly if there should be a degree of variability among M* bovis 
strains, lids question of variability has received little attention, althought Sachse et al. 
(1992) demonstrated that there was notable similarity between the protein patterns of 34 

M. bovis strains. 

" ~ ' The present study was set up to tovestigate the genondc, protein and antigenic vari^^ 
of Af. bovfc by comparing 37 isolates using restriction endonuclease analysis, sodium 
dodecyl s^lr3ate-polya^lamidegel electrophoresis (SDS-PAGB) and immunoblottingwith 
polyclonal or monoclonal antibodies (mAbs). 

! 

* 

2. Materials and methods 

2,1. A£ bhvis strains 

■ 

Thirty isolates recovered in firance and international reference strain PG45 (Hale et 
aL, 1962} were studied. The geographio origin and isolation date of these strains together 
) with the associated pathology axe presented in Table L One hundred and seventy other Af. 

bovis strspns were used to test the universal applicability of three mAbs for detecting M . 
bovis. Alt strains were identified*** M> bovis by membrane filtration immunoblorting (MF 
dot) (PottraaxatetaL, 1991). H»y gave a specific reaction with rabbit hyperimmune serum 
prepared against PG45 strain. They were cloned three times as described by Tully ( 1983) . 
' I 

2.2* Gr<nkh medium: generation of cbtiol lineages 

♦ 

Organisms were grown in modified PPLO broth (DIFCO) (see Poumarat et aL, 1991 ) 
with 1% PPLO serum fracdon (DIFCO) replacing the 20% horse serum. 

For the preparation of subclones of M. bovis strain 1067, culture In late log phase was 
filtered through a 0.2 membrane (Mlllipore) and serially diluted to 10~°. 0.1 ml of 
each dilution was spread evendy over the surface of agar plates, which were Incubated for 
4 days at $7*0. Several well- isolated colonies (firstcloneseries) were pioked and Inoculated 
into 2 ml .of broth. These cultures were In turn incubated and when growing acdvety, were 
dispersed' in 15 ml of broth. After farther incubation the cultures were prepared for electro- 
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Wolel 

Thlrtysevcn strains of At bovU tasted In (Ms study 



Nombor 



Isolation dots 



Geognphfe origin 



Pathology 



PG45 (Lta) 


1962 


Unknown 


1067 


1983 


Ma&obe 


2008 

•f WW 


1984 


I wwnmm 

vllMAw Wrmm 


2011 


1984 


G6tvs d* Anxtor 


2012 




Qw>m . 
vivviv 


2021 

•Ufl S> 


1084 




2025 


1984 






1984 


Lnfm fHflote) 








2037 


1084 




2D&9 


1082 

tVM 


rm iwuii p 


2068 






2088 


1085 


ntn 




1Q9R 


ifiCSt? 


mil* 


tOTB 






iVoO 


110 n VWPIW 


JJIMJ _ 
•VUT ** 


IVS4 








' ftxftjt* j<Tjl1ik 
CNUHJB H muww 




1084 






tyor 


iicoi Timmg 








4274 




IMUJr 


3322 


1986 




3339 


1988 


Sonuno 


3478 


1988 


M&ysmis 


3668 


1989 


Vienna (Hants) 


3731 


1989 


Timet Garonne 


3876 


1989 


Mayame 


3882 


1989 


Torn etgaronne 


3919 


1969 


Moddhan 


4377 


1989 


Ala 


4568 


1990 




4785 


1990 


Ctalvftdos 


4904 


1990 # 


Avcyroa 


4906 


1990 


Mhyomo 


4964 


1991 


Msyeimo 


5113 


1991 


Avcyoon 



I if II M Hj ' 



Unknown 
Mftttltte 
Unknown 
Arthritis 
Pneumonic hmg 
Pnsumqinlclung 
Ptustunotdc long 
Pnouznooic tang 
. Unknown 
Pwumoflicl&ng 

PflCflJPQfllC lUQg 

Pneuinojitc Ions 

^BftlffMTftlft long 

P&eomonlotang 
PnwimoBlfl lung 
Pneumonic hmg 
Fnonznoido hmg 
Metritis 

Pnoomoclc hmg 
Unknown, 
racunio&to tuts 
Ptafiumoido hmg. 
Pneumonic lung 
Pneumonic Long 
Pneumonic long 
Unknown 
Unknown 
PnfinmnnJolUBg 
Poeomosb long 
Pnfpmonto long 
Pnsumonfo long 
Pneunwalo hmg 
Abscess 
Unknown 
Pneumoaiclung 
Fooomcsdo long 
Pneumonic lung 



7gUmd 



txs* B lnttnistlonfllnjtoSQcestndii (FG45)* 

phoresis and immunoblotting with mAbs h et 5D7 as described below. Using the same 
method as already described, a second clone series was produced from one clone of the first 
clone pedes and so on for the third, fourth, fifth and sixth series, to all» 4S clones were tested 

-six from each of the first four series and 12 from the fifth and from the sixth series, 

* 

2J. Preparation qf extracts 

The cultures of each strain were harvested in late log phase by centrUugation at 13000 j 
for 35 znln at 4°C For whole cell protein analysis, pellets were washed three times in tris 
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buffeted siline solution (TBS) (Tris HCl, 0.01 M; NaCl, 0.15 M; pH, 7.2) and then once 
in tris buffered solution (Tris HCl, 0.125 M; pH, 6.8). 

Hie protein content was estimated (see Lowry et al t 1951) and the pellets were then 
flown at +-70*0 for fiiture u&e, For DNA analysis, the pellets were washed twice in tris 
BDTA, BC}TA buffered solution (TEBB ) (Tris HCl, 0.02 MjpH, 8; EDTA, 0,01 MjEOTAi 
O002 M) (nod also frozen at -70°C 

* 

2.4* TX 114 phase partitioning 

Triton X 114 (TX 114) phase partitioning was carriedout using the procedure of Bordier 
(1981) adapted for mycoplasma. Hie mycoplasmas were suspended In TBS containing 1 % 
w/ v TX 114 and pbenylmethyfeulfonylfluotide (0,001 M) and incubated at 4*C for 30 min. 
The prepai-adons were cemrfftaged at 10000 g for 5 tnin at 4°C to remove insoluble material* 
The superfuitants were transferred to new tubes and subjected to three cycles of phase 
fractionation. The final detergent and aqueous phases were adjusted to 2% w/v TX 114 
ready for $DS-PAG£ analysis. 

I 

ZS.DNApurlficatton 

* 

The method described by Razin et al. (1983a) was used to pu rify D NA. The. DNA 
precipitate! was dried in vacuo and the pellet dissolved in 110 fdot TtiEB, DNA concen- 
tration wa4 determined by measuring absorbance at 260 nm. 

2.5. Digestion of DNA with restriction endonucieases 

t 

10 ot mycoplasma DNA were digested by the restriction endonucl eases PsfL, BattiKl 
orSmdi, follo^g toemaiurfte (BoehringeT Mannheim). 1 jug of phage 

lambda D&A was digested as a control for each enzyme activity. Hie digested DNA was 
submitted )o electrophoresis for 3 h t stained with ethidlum bromide (0,4 fxg/zd) for 15 
min and photographed under UV-lIght For each strain a control preparation of undigested 
DNA was submitted to electrophoresis to detect possible extra chromosomal DNA; none 

was detected. 

I 

2.7. Sodtoqi dodecyl suffiate polyacrylaniide gel electroptoresis (SDS PAGE) 

I 

SDS-PvioE was performed following the procedure described by Laemmli ( 1970) with 
8-22% separating gel. Whole cell proteins and molecular standard mass preparations 
(SK3MA); were dissolved in sample standard buffer (Tris HO, 0.05 M; pH, 6.8; SDS, 
25%\ 2-tnkrcaptoethajiol, 5%; glycerol, 15%; bromophenol blue, 0.05%) and heeted.ln a 
water bathR l00°C) for 5 min. Insoluble material was removed by centrffogadon at 10000 
g for 10 n$n. Solubilfeed cell proteins and standards were submitted to electrophoresis at 
i 

i 

1 . 

1 
* 



) 

t 
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Fig. 1 . Five dlfifetwt (3 to 7) Ps& lestrtettoo eiidonwtase patterns obtained 1^ 

Tracte J, Lambda digested DNA; 2, reference strain PG45; 3, strain 2036; 4 strain 3876; 5. strain 208ft; 6. strain 
3339; 7, strain 4568* 

TWWe2 

OasfWcadon of the 37 Af bavis strains accenting to their restriction enzyme cleavage patterns obteinsd with 
SmaH PtiU BamM 



Genomic groop 
number 



Restriction enzyme cleavage 
patterns 



M. Aovir strains nambsra 





SIwoI . 


PsA 
f 


AmmHI 




I 


1 


1 


I 


a ° 14: PG45, 1067, 2008. 2012, 2021, 2036, 




2037, 2064* 2163, 2193. 2480. 3322, 3668, 
3882 


2 


1 


2 


1 


a-2: 3279,3919 


3 


a 


3 


2 


n«4: 2088, 2283, 2317, 4906 


4 


2 


2 


3 


«»5: 2025, 2023, 2171. 2234, 2259 


5 


2 


1 


4 


/j-2; 4904,4964 


6 


2 


5 


3 


0=2:3731,4368 


7 


3 


1 


4 


n" 2: 4277.4785 


8 


2 


1 


3 


o-J:51I3 


9 


2 


4 


3 


n= 1:2011 


10 


2 


4 


S 


n°l:3339 


11 


3 


1 


3 


n-l:2049 


12 


3 


2 


3 


n*> 1:3876 


13 


X 


4 


4 


n« 1:3478 
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) constant current of 20 mA per gel at 15°C until the dye front had migrated to (he end of the 

geL 

2.8. Itnmuftcbhning 
Transfer 

Proteins were transferred from gel to nitrocellulose membrane filter with pore size 0.45 
Mm (Schleicher and Shueil) in a transfer unit (Hoeffer) with a current of 600 mA for 90 
mk at 13°C (Electrode buffer: Tris HCl, 0.025 M; glycine, OJ 92 M; pH, 8.3; methanol, 
15%;SDS.ai%). 

Serum and monoclonal antibodies 

The polyclonal calf serum J008, used in the present study, was selected from sera obtained 
from calves that had been infected by contact with calves that had been experimentally 
inoculated via the respiratory tract with Af. bovis strain 1067. Prior to this experiment, the 




Pig* % SDS-polyacry I wnMe gel electmpharettc (gradient 8 to 22 %) patterns of whole cell proteins from 14 M. 
bovU drains <one for each of the 1 3 genomic groups ond reference strain P045) (80 j*gprotein loaded per track). 
Rom left to jdtfit: reference strain P045. 2012. 3279. 2088, 2171, 4964. 4768, 4785, SI 13. 3339. 2049, 3876. 
3478,2011. (Pc^oniofiMlecularmBsfirtandanU (Idlodattoro) are Indicated on the left). 

[ • 



JAN-06-2005 17:13 



KENYON 8. KENYON 
I 



P.0? 



« « 



K Pomutmt<taL / Vettrtnary Microbiology 40 (2994) 



311 



calves had been shown to be free of all M . bouis infection. The J008 serum titre was 320 
with indirect hemagglutination (Cho et aL, 1976, Poumarat et aL, 1987) . 

Three specific M. bovls mAbs were used - mAbs N a et I 2 prepared from M. bouts strain 
1067 (supplied fay Vtftoquinol Biotechnologie) and mAb 5D7 prepared from international 
strain PG45 (supplied by Istfrato Zooprofilattico SperimentaJe, Brescia) . 

Immunoassay 

Once the proteins had been transferred to the nitrocellulose membrane, they were blocked 
on the sheet by incubating for 1 h with a solution of 10% horse serum in TBS. The sheet 
was then washed three times with IBS containing 0.05% Tween 20 and once with TBS 
only, each washing lasting for 3 mm. 

Sheets were then incubated tor 2 h at 35°C with each of the four primary antibodies 
diluted in 5% horse serum in TBS. Calf serum J008 was diluted to 1 /2O0, mAb\% to I / 1500, 
mAb N 2 1/1000, and mAb 5D7 to 1 /330. 

The sheets were then washed exactly as before and men incubated far 1 h at 35°C with 



fifi«as ;.•<>;..;■ 

m^assesm 




20.1 



-14.2 



Fig. 3. imnmabbts of whole cdl ptotetot cf 6 M. bevit ados, bdongtngto6diffaenr genomic groups, obtained 
with calf sernm JD08 from calf infected by H both 1067 (160 /^pcotrin loaded per traclO. When iKidhnnwaj 
similarly probed so antigens wen detected, "tacfci l.Krata 3478; 2, «i^b 4964; 3. strain 2049;4,sl»lB5n3;S. 
strain 3279; 6, homologous strain 1067. (Positions of molecular mats standards (tilodahms) ere Indicated on 

Hie right). 
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the corresponding peroxidase-Iatalled secondary antibody diluted in the 5% horse serum. 
Once again the sheets were washed as before and then treated with developing solution 
(TBS containing one part per thousand of a 5% ( w/v) solution of 4-chJoro-l-naphtol in 
methanol and one pan per ten thousand of hydrogen peroxide) . When the colour reaction 
was complete, further reaction was stopped by washing with distilled water. 



3. Result 

3.1. Restriction endonucleast analysis 

Hie 37 M. boots strains studied gave live different electrophoretic patterns with Bamtil, 
four with;5mal and five with Psd (Fig. 1). Based on the combination of the different 
elecixopfaoretic profiles obtained with the three enzymes, the 37 strains could be classified 
in 13 genomic groups <Table 2) In group 1 there were 14 strains including the international 




-20.1 



-14.2 



Pig. 4, Imidunoblots of whole cell proteins of 6 M. bovis strains belonging to the same genomic group (n*l) 
obtained wifb calf serum J008 from calf Infected by M bovis 1067 ( 160 fig protein loaded per track). When 
medium wap slmHary probed no antigens were detected. Tracks 1, homologous stoma 1067; X reference strain 
PG43; 3, strafe 2036; 4, strata 366S; 5 r strain 36S2; 6, strain 3322. (Positions of molecular mass standards 
(kUodaltoa^) are Indicated od (be right). 
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cWlBMt'illJIIAiWLlMl INWI MH'II, 



mm. 





6 7 ~8 9 10 2 



* i 
i > t. 



Ffc5.lmnmnobtot>flf\rtiolBce^ 
with monoclonal imtfl»(fyN,0 

8. statin 3478; 9, strata 5 113; 10, strain 3339: Z ttndo 3785, (PosUtaisof roolecdar nmss standards (kttodsdtoos) 
indicated on the right). 



reference strain P045. There appeared to be no significant relationship between genomic 
and geographic distribution nor, between the genomic distribution and isolation dates, nor 
yet between the genomic distribution and the type of pathology associated with die strains. 

There was, however, a statistically significant difference in the heterogeneity of strains 
isolated before 1987, where 18 strains fell into five groups, with nine strains m group 1, 
compared with the 19 strains isolated after 1987, which fell into 10 groups with four strains 
in group 1. 



3X Whole cell protein analysis by SD&PAGE 



The electrophoretic patterns of one strain for each of the 13 genomic groups and of strain 
PG45 were compared (Fig- 2) . Except for a few minor differences in band sites and intensity, 
the patterns of all the strains showing some 60 different polypeptides were similar. 



) 



JAN-06-2005 17:13 KENYQN & KENYON P. 10 



314 F.P<nunamtetaL/Veterln<uyA(knbbbw40fJ994)3Q5-32i 




1 2 3 4 5 6 

Hg. 6l Whoic eel! pnrttiM tmm&Doblots<rfsfo /V/. Jwvif drains from &fc diffluent genomic groups obtained with 
moacctonaliurtiba^ 

1067. (PosiUom of molecular mass itnndnxU (Idlod&ltoDs) ere indicated on die right). 
) 3 J. Antigenic analysis by immtmoblotdng 

* * * 

Tmmnnjs htote using calf serum J008 were obtained from one strain for each of the 13 
genomic groups, for strain PG45 and for 6 strains from genomic group 1 (Figs. 3 and 4). 
The differences were striking both between the patterns from the 13 genomic groups and 
from those in group 1 and these were most significant in the regions 66-36 and 24-20 kDa. 

When compared with the profile of the immunoblot from homologous strain 1067, the 
number and position of bands are seen to vary from one strain to another and some bands 
are seen tp be reactive to the profiles of some of the heterologous strains, that do not exist 
st ail in fee profile of strain 1067. 

When unmunoblots were obtained from the same series of M. bouis strains, but using the 
three monoclonal antibodies h and 5D7, the results were more complex. mAb K 3 
showed me presence of one protein at about 45 kDa that was present in all strains except 
strain 5\\3 (Fig. 5) , Using the MP dot test, mAb N a was shown to react with all except 
four out of the 168 other Af. bouis strains that were tested (2.4%). 

The imnninoblot for homologous strain 1067 using mAbl 2 showed 1 1 bands with molec- 
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1 2 3 4 5 8 7 8 91011 

Fig. 7. Whole cefl proteins ftnrmawMoty of 1 1 M. bovU strains, (onofbf eacbof 11 different genomic groups), 
obtained with monodoaol aKibody 3D7 ( 10 /ig protein loaded per crack). Trades I, strain 3478; 2, 3876; 3, 2049; 
4,3m&5U3;M7&5;7,4568;8,2025;9,4906; 10, 39 19; II. rcfctecDo stoln P04S. (Positions of molecular 
maw ttaadanb (kflorfritont) are indicated on tto ieft). 

ular weights ranging from 54-20 kDa, with five major bands at 54, 36, 29* 22 and 19 kDa. 
The comparison with five heterologous strains, each from a different genomic group is 
shown in Fig* 6. With this monoclonal antibody, the patterns from the various strains were 
strikingly different, whether they came from the same genomic group or not The patterns 
varied from one strain to another, both in the number and in die position of the bands. 
Strains PG45 and 2036, for example, showed only one band, whilst for strain 3478 there 
was only an extremely narrow band at 20 kDa. Using the MF dot test, otAM* was shown to 
react only weakly or not at all with 27 strains out of 103 other M. bouts strains that were 
tested (26%). 
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Hg. 8. Examples of tho more importartf *ariatfors among IrumuaoWots of 48 subclones of strata 1067 obtained 
with monoclonal antibody 5D7 {10 fig protein loaded per track): (Positions of molecular mass standard* (kilo- 
dozens) are Indicated on the right)* 

I «* 
■ 

i 

•Using mAb 5D7 against strains belonging to 1 1 different genomic groups, there was 
again striding variation between strains. Strain PG45 showed many bands between 25 and 
S5 kDa. Strain 3478 showed no bands at all (Fig. 7). When seven strains from genomic 
group 1 w)ere tested, the patterns were again strikingly different, except for one strain which 
was similar to strain PG45, Using the MP dot test, mAb 5D7 was shown to react with ail 
except se^en out of the 91 other A/, bouts strains that were tested (8%). 

Six successive generations of strain 1067 in 48 subclones were tested using mAb 5D7- 
The immunoblots of the subclones varied in number, position and intensity of bands, with 
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\ the extreme example of oaeaubolone that, within the limits of tlic tost, did not express the 

antigen at all (Fig, 8). 

When the same strain 1067 subclones were challenged with mAbla, there was variation 
only in the intensity of the bands in the immune-blots. 

Imxmmobbts obtained with or 5D7, either from whole cell proteins of strain 1Q67, 
or from the cell protein phase partitionating with IX 114 were absolutely identical, indi- 
cating that the antigens detected by these three mAbs were included in the cell membrane, 



4 Discussion 

* 

4>L Restriction endonucUase analysis (REA) 

The idea of using cleavage patterns of the mycoplasmio genome as an aid to taxonomy 
was first suggested by Bove and Saillard (1979). Since then* REA has been widely used, 
particularly for epidemiological studies* REA patterns of individual isolates were highly 
reproducible and remained unchanged even after long-term passages (KlevenetaL, 1988a, 
~ - -Jonas etaL, 1991a). Depending on the mycoplasma Bpeclea,-tae degree of variability within 

the species may be greater or less, M. cvipmumoniae species, for example, is voy hetero- 
geneous (Ionas et aL, 1991a,b) whereas M. pneumoniae to homogeneous (Razin et aL, 
1983b, Chandler et aL, 1982) . Results may vary* depending on the sampling of strains and 
on the choice of enzymes (Suet aL,1991, Chandler et ah, 1982) . For a study to be complete 
and precise, a wide range of strains must be selected and tested by several endonucleases. 
Before strain variability can be firmly established, at least two enzymes need to b e used, to 
avoid errors due to DNA methy lotion which could modify enzyme activity (Razin et ai f 
1983a, International Committee^ 1988). 

For the present study* a number of different enzymes were considered and Smdl t Ps& and 
BamWi were selected, since they cleave Af. bovis DNA in relatively few sites Facilitating 
interpretation. Out of the 37 Af. bovis strains tested with these three enzymes, 14 strains 
V including P045 were shown to be identical, but the remaining 23 9trains appeared to be 

very heterogeneous, being distributed among 12 different genomic groups, each of which 
was characterized by its specific restriction enzyme cleavage pattern (Table 2) » There were 
therefore 13 genomic groups in all. Were more strains and especially recent isolates, to be 
tested, the number of different genomic groups would certainly increase. 

When other species of mycoplasma, such as M. gatttsepttcum, were tested, the RBA 
pattern appeared to be correlated with the geographical origin of the strains or with the 
animal host (Kkven et aL, 1988a,b, Saniha et aL, 1988, Kleven, 1990), but for At* bovis 
there was no correlation between the genetic heterogeneity ofthfe strains and their geographic 
origin, their isolation date, or the associated pathology* Moreover, the heterogeneity was 
more marked among me strains most recentiy isolated, 

4JL Protein and antigenic analysis 

One M. bovis strain was selected from each of the 13 genomic groups and the protein 
patterns were obtained by SDS-PAOB, The similarity of die patterns, matched with the 
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results obtained on 34 M. bouis strains carried out by Sachs© et al., ( 1992), but the 
comparis6n could be no more than approximate, because of the larger number - about 60 
- of separate polypeptides. Using numerical analysis (Castas et aL, 1987), it would be 
possible to quantify precisely the degree of similarity between the strains, but in any case 
it should be borne in mind that mycoplasmas, such as Af . kombiis or Af. arthrtrtdis, which 
appear to; be homogeneous when tested by the ID-PAGE, showed some variability when 
tested by (he more discriminating 2D-PAGE technique (Watson et al 1988, Stadlander and 
Watson, 1992), 

Antigenic profiles of the Af. boots strains obtained by Immunoblocdng with J008 calf 
serum differed markedly one from the other, the heterogeneity being equally great among 
strains belonging to the same genomic group and those coming from different genomic 
groups. There appeared to be no relation between the genomic variability of Af, bouis and 
the antigenic variability, unlike that observed for other Mollicutes such as Ureaptasma 
(Watson bt aL, 1990), The heterogeneity found here is in contrast to the homogeneity 
reported by Sachse et al, (1992) who studied a less diversified batch of strains In which, 
nevertheless, they reported important differences for at least two strains. 

Mycop asma species, when submitted to metabolism and growth inhibition tests, have 
. jhown Q(i igenlc variations (Af . gaUistpHcum* Duplellet etaJLJL990 andAf. oolpneumonlae, 
Jones et a 1976), that have never been reported for Af* bovls, which, In contrast, appears 
to exhibit a global antigenicity that is fairly homogeneous (Poumarat et al, 1992). Both 
this and me protein patterns appear to be in contradiction with the great variability of 
oiiugenic patterns revealed by immunoblotting. However, similar phenomena have already 
been reported far M. homints (Andersen et aL, 1987), Af. arthrttldis (Stadlander and 
Watson, J992) and for Af, galliseptlcum (AvakianetaL, 1991). 

There could be two explanations for the observed variability of the immunoblots. Firstly, 
there coujd be a real difference between strains, with some strains not exhibiting certain 
antigens. With a library of mAbs prepared from one strain of a species, it may be possible 
only to recognize some of the strains of that same species (Panangala et al, 1992, Thirkeil 
et aL, 199% Landfoged et al„ 1990). the antigen revealed by mAb N a displayed this kind 
of variability. Secondly, the variability could result from variations in the molecular weight 
of the antigen fromone strain to another. TWs has been shown iorM.ftrmeiUans ( Stadlander 
etaL, 1991), for Af > arthriiidis (Stadlander and Watson 1 992) , for Ureaplasma itrealyticum 
(Watson ft aL, 1988) , Af . hyorhUds (Boycr and Wise 1989) and Af . pulmonis (Watson et 
aL, 1988)1 

There may also be the case where both explanations are valid at the same time. Recently, 
.an urmsui 1 system of antigenic variation was characterized in Af, hyorhlnis (Rosengarten 
and Wise, 1991) and also in M. pulmonis (Watson et aL, 1988). Variant lipoproteins 
( vipa), «^pressed on the membrane surface appear to undergo high frequency phase vari- 
ations botji in expression and size. These variations are random, appearing not only between 
two strata of the same species, but even within the same lineage of clones from a single 
cell. j * 

mAblz $ad 5D7 displayed two different membrane antigenic systems with characteristics 
similar to those of the vlps: their localization on the membrane and (heir extreme variability 
In expression and size, could not, however, be related to any genetic or epidemiological 



JAN-06-2005 17:14 KENYON & KENYON _ P. 15 

. % t " t . J 

#* 

F. Poumaratetal / Vttertoary Mkrobblo® 40 (1994) $05-321 319' 

factor, Moreover, the degree of variation within clones of a single cell depended on the 
■ ' system (fc or 5D7), 

Hie present study showed that great heterogenic exists withio the species M, fcwfs, so 
that, before any new method of diagnosis - either direct or indirect- can be proposed, it is 
essential to evaluate all the specific reagents used in the test, on a large number of diverse 
strains. This applies equally to znAbs, DNA probes and PGR primers. 

Two highly variable antigenic systems have been identified so far for Af. bovis, but their 
in vivo Amotion is not known. It is evident that this antigenic variability must be taken into 
account in developing diagnostic and vaccination strategies. Further studies will be neces- 
sary to determine whether other variable antigenic systems are. likely to exist In the species 
Af» bovis and whether mqjor Af. boots antigens are involved. 
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Experimental Intramammary Inoculation with 
Mycoplasma bovis in Vaccinated and Unvaccinated Cows: Effect' 

on Milk Production and Milk Quality 



J.T. Boothby, D.E. Jasper and C.B. Thomas* 



ABSTRACT 

The effect of vaccination on milk 
production was evaluated in vacci- 
nated and control cows experimen- 
tally challenged.in two of fpur quarters 
with live Mycoplasma bows* During 
the first three weeks after experimen- 
tal challenge, six of eight unchallenged 
nunrterg on vaccinated cows and seven 
of eight unchallenged quarters on 
control cows became infected. Most of 
these quarters secreted normal milk, 
with negative California Mastitis Test 
scores and maintained normal milk 
production throughout most of the 
study (although some quarters on 
trol cows remained infected). All 

! lenged quarters became infected, 
had strong California Mastitis Test 
reactions, and had a drastic (> 85%) 
loss in milk production. Thereafter, 
four of eight challenged quarters on 
control cows remained infected, had 
mostly positive California Mastitis 
Test scores, produced mostly normal- 
appearing milk, and recovered some 
productive capabilities. By the end of 
the study no M. bovis could be 
recovered from challenged quarters on 
vaccinated cows and the milk 
appeared mostly normal. The Califor- 
nia Mastitis Test scores on these 
quarters, however, remained elevated 
and milk production remained very 
low. 



Key words: Mastitis, Mycoplasma 
bovis, vaccination, milk production, 
milk quality. 



RESUME 

* 

Cette experience visait a evaluer 
1'effet de la vaccination sur la 
production lactee, chez des vaches 
vaccinles et temoins, soutnises a une 
infection de defi avec Mycoplasma: 
bovis dans deux des quartiers de leur 
pis. Au cours des trois semaines 
ulterieiires a cette Infection; six des 
huit quartiers non infectes des vaches 
vaccinees et sept des huit quartiers non 
infectes des vaches temoins ie devin- 
rent. La plupart de ces quartiers 
s£cretaient du lait normal, qui reagis- 
sait de facon negative au "California 
Mastitis Test", et ils aflicherent une 
production normale, tout au long de 
Pexperience, quoique certains quarti- 
ers des vaches temoins demeurerent 
infectes. Tous les quartiers soumis a 
1'infection de defi demeurerent 
infectes, reagirent fortement au test 
precite et aflicherent une baisse d'au 
dela de 85% de leur production. Apres 
cela, quatre des huit quartiers des 
vaches temoins, soumis a Hnfection de 
defi, demeurerent infectes, reagirent 
surtout de facon positive au test 
precite, produisirent surtout du lait 
normal et ameliorerent sensiblement 
leur capacite secrltrice. A la fin de 
l'experience, on ne pouvait plus isoler 
M. bovis, des quartiers des vaches 
vaccinees, soumis a Ilnfection de defi, 
et leur lait etait surtout normal. La 
reaction du lait de ces quartiers au test 
precite demeura flevee et leur produc- 
tion resta tres basse. 



Mots cles: mammite, Mycoplasma 



bovis, vaccination* production lactSe, 
qualitd du lait 



INTRODUCTION 

Mycoplasma bovis is responsible 
for the most common and severe form 
of mycoplasmal mastitis (1,2). The 
prevalence of M. bovis udder infec- 
tions appears to be increasing, and it 
has been isolated from animals in a 
number of major- dairy-producing 
areas in this country and elsewhere ( I- 
4). Since antimicrobial therapy is 
ineffective in controlling mycoplasmal 
disease (1,3-5), development of an 
effective prophylactic vaccine is an 
attractive possibility for controlling 
M. bovis mastitis. r 

Although the nature of immunolog- 
ical resistance to M. bovis mastitis 
remains unclear, several authors have 
observed resistance in previously 
infected cows or herds (3,6,7) and 
there are reports of improving resist- 
ance to M. bovis disease by prophylac- 
tic vaccination (8,9,10). If prophylac- 
tic vaccination is to be efficacious, it 
must have minimal effects on the 
health and productive capabilities of 
the cow. While neither mortality nor 
prolonged morbidity are commonly 
associated with M. bovis mastitis the 
quality and amount of milk produced 
by previously infected quarters can be 
quite variable (3). To our knowledge, 
there are no reports to date on the 
effect of vaccination with M* bovis on 
milk production. The present study 
was designed to evaluate milk produc- 
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tion and milk quality in vaccinated 
and control cows during experimental 
intramammary challenge exposure 
with live M, bovis. 



MATERIALS AND METHODS 

i 

EXPERIMENTAL ANIMALS 

Eight Holstein cows in late lactation 
with confirmed conception dates 
within three weeks of one another 
were obtained from a local commer- 
cial dairy farm with no prior history of 
mycoplasmal disease. The cows were 
transported to the university facility 
where they were" managed essentially 
as on the farm of origin. While 
lactaiing, the cows were fed alfalfa hay 
ad libitum and a dairy grain ration in 
excess of nutritional requirements. 
Cows were milked twice daily using 
strict pre- and postmilking hygiene, 
employing an organic iodine- 
detergent preparation demonstrated 
effective against mycoplasmas (II). 
The milking machine was specially 
designed and manufactured to prevent 
quarter to quarter transfer of milk 
and/ or air, and for quantitation of 
quarter milk production. 

The cows were monitored for one 
week before milking was stopped eight 
weeks prior to their expected parturi- 
tion date. During this time the cows 
showed no clinical mastitis, produced 
normal milk with negative California 
Mastitis Test (CMT) scores (12) , had 
low serum M. fcow-specific IgG 
reactivity as measured by enzyme- 
linked immunosorbent assay (ELISA) 
(13), and had negative milk cultures 
for mycoplasma and bacteria (14). 
After the last milking (week 'I) the 
cows were infused with I x 10 6 IU 
penicillin in 10 mL saline in each 
quarter. 

Experimental treatments and obser- 
vations were made on all the cows at 
the same time each day or week (Fig. 
I), Weeks were numbered from 0-20, 
beginning one week after the cows 
arrived at our facility. Parturition 
times for the cows were on experimen- 
tal weeks 7, 10, 11 and 11 for the * 
vaccinated cows, and 7, 9, 9 and 10 for 
the control cows. Intramammary 
challenge exposure was performed 
one week after all the cows had calved 
(week 12). 



TABLE I. The Experimental Scheme for the Four Quarters on the Four 'Vaccinated Cows {M. 
bovis) and the Four Quarters on the Four Control Cows (placebo) for Quarter Vaccination (Q, 
weeks 6 and 8) and Experimental Challenge Exposure (C, week 12) 
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= Not vaccinated/ not challenged, -/C = not vaccinated /challenged, Q/- = vaccinated/ not 
. challenged, Q/C = vaccinated /challenged 
*A - right front, B = right rear, C - left front, D = left rear 



EXPERIMENTAL DESIGN 

Four experimental, cows were 
selected and numbered 1*4 for vacci- 
nation and the remaining four cows 
were selected and numbered 1-4 for 
controls using a random number 
table. The four vaccinated cows 
receive4 killed M. t bovis antigen 
systemically (subcutaneously) and 
locally in designated quarters by 
intramammary infusion (Table I). A 
latin squares design was used for 
designating local quarter vaccination 
(either real or sham) and experimental . 
challenge exposure so that orthogo- 
nality could be established between 
estimates of the various effects (Table 
I). The four control cows received 
sham vaccination consisting of phos- 
phate buffered saline using the same 
volumes, schedule, and procedures. 
All eight cows were experimentally 
challenge exposed by intrammary 



infusion with live M. bovis in quarters 
designated by latin square design. The 
only randomization was with respect 
to cow group (vaccinate or control) 
and numbers 1-4 (treatment designa- 
tion). 

Analysis of milk production and 
inilk quality variables showed no 
difference between unchallenged 
quarters which had been locally 
vaccinated (either real or sham) and 
those which had not been locally 
vaccinated. Similarly there was no 
difference in these variables among 
locally vaccinated and unvaccinated 
quarters which were challenge 
exposed to M. bovis. Therefore, the 
original latin square was collapsed on 
the local vaccination category and a 
simplified analysis comparing unchal- 
lenged and challenged quarters on 
systemically vaccinated or control 
cows was pursued (Table 1 B). Note 
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Fig. 1. Thesystemic(S)and quarter (Q) vaccine, skin test (ST) and challenge exposure (C) schedule 
for four vaccinated (killed M. bovis) and four control (placebo) cows observed for 19.5 weeks. (S = 
systemic vaccination, Q = quarter vaccination, C = experimental challenge, ST = skin test). 



that the orthagonality of the design 
was maintained (15). 

VACCINATION 

Mycoplasma bovis strain California 
201 was used for preparation of 
vaccine and skin test antigen and also 
for experimental challenge exposure 
(Fig. 1). The serological and biochemi- 
cal relationships of this isolate, with 
other strains and method of prepara- 
tion, have been reported (16-18). 

The four vaccinated cows were 
inoculated with 2 mL of antigen (I mg 
' formalin killed M. bovis protein) in 
Freud's complete adjuvant at ahree 
locations subcutaneously at weeks 0, 2 
and 4. Local vaccination was done 
with 3 mL (1 mg formalin killed M. 
bovis protein) in designated quarters 
b" intramammary infusion at weeks 6 
and*8. These cows were also skin tested 

at weeks 0, 12 and 19 with 0.1 mg M* 
bovis protein in 0.2 mL at three 
locations as previously described 
(18,19). The four control cows were 
given a similar placebo inoculation 
(without M. bovis protein) at the same 
times, but were skin tested with M. 
bovis antigen as above at week 19. All 
eight cows were challenged in desig- 
nated quarters with 1.5 x 10* cfu live 
M. bovis in phosphate buffered sahne 
containing 20% fetal calf serum at 
week 12. 

MILK PRODUCTION 

Quarter milk production for each 
cow was measured in liters for two 
daily milkings. The mean milk 
production for three days (six mak- 
ings) was calculated for each quarter 
on each cow at week 12 before 
challenge and this value was defined as 
100% production. Similar calculation 
for the quarters were made for each 
subsequent time period and expressed 
as a percentage relative to week 12 
(100%). 

MILK QUALITY 

A visual test tube examination of 
milk quality was made on each quarter 
milk sample at each time period and 
graded on appearance as normal, 
watery, flaky, discolored, or purulent 
according to the specifications of the 
Coliform Mastitis Research Commit- 
tee (20). * 



CALIFORNIA MASTITIS TEST 

A cowside CMT (12) was performed 
on every quarter at the morning 
milking. A detectable CMT (0.5 t I, 2 
or 3) at any milking for each time 
period (3 days) was scored as positive 
for that quarter \nd week and a CMT 
of 0 was scored as negative, 

MICROBIOLOGICAL CULTURE 

Each quarter on each cow was 
cultured for the presence of mycoplas- 
mas and the major bacterial pathogens 
at each time period by standard 
methods (14). Negative (< 10 cfu/ mL) 
and positive (> 10 cfu/mL) myco- 
plasma culture results were scored 
accordingly. 



RESULTS 

MICROBIOLOGICAL CULTURE- 

All experimentally challenged quar- 
ters became infected and most (six of 
eight among vaccinates and seven of 
eight among controls) unchallenged 
quarters became infected. At the end 
of the study four of eight challenged 



and two of eight unchallenged quar- 
ters on three of four control cows 
remained infected, and no mycoplas- 
mas could be recovered from chal- 
lenged or unchallenged quarters on 
vaccinated cows. No major bacterial 
mastitis pathogens were recovered at 
any time. 

SKIN HYPERSENSITIVITY 

Some slight immediate skin hyper- 
sensitivity in all cows existed prior to 
vaccination. A strong immediate and 
delayed hypersensitivity was present 
in vaccinated cows prior to challenge 
at week 12. Challenge infection, at 
week 12 resulted in immediate and 
delayed hypersensitivity in control 
cows at week 19 similar to that of cows 
which were both vaccinated and 
challenged. 

CALIFORNIA MASTITIS TEST 

All experimentally challenged quar- 
ters developed CMT reactivity. All 
challenged quarters on vaccinated 
cows remained CMT-positive for the 
duration of the study while some 
challenged quarters on control cows 
became CMT-negative. Among 
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unchallenged quarters, four of eight 
quarters on vaccinated cows and three 
of eight quarters on control cows 
developed CMT reactivity, but most 
became CMT-negative by the end of 
the study. 

MILK PRODUCTION IN UNCHALLENGED 
QUARTERS (Fig. 2) 

The mean milk production during 
128 unchallenged quarter- 
observations on the four control cows 
was above 100% at all times except 
week 13.5 at which time three of the 
eight quarters had a mean production 
of 87% (Fig. 2). The mean milk 
production during 128 unchallenged 
quarter-o"bseTvations on the four 
vaccinated cows was less than 100% at 
only two observation times (weeks 13 
and 13.5). 

MILK PRODUCTION IN CHALLENGED 
QUARTERS (Fig.2) 

Mean milk production during 128 
challenged quarter-observations on 
the four control cows dropped 
severely to below 50% at week 13, and 
to 15.4% at week 13.5. At the time of 
lowest production (week 13.5) all eight 
challenged quarters on all four control 
cows were producing less than 30% of 
their initial production level. 
Thereafter, the mean production of 
this group recovered gradually to 
about 50% production by week 16.5, 
with two quarters producing in the 60- 
90% range and six quarters producing 
in the 30-60% range most of the time. 

Mean milk production during 128 
challenged quarter-observations on 
the four vaccinated cows dropped 
severely to less than 30%.at week 13 
and to less than 15% at week 13.5. 
Thereafter, the production in this 
group remained the lowest of any 
group observed, maintaining a 
production level in the 15-20% range 
most of the time. After week 13 
production of six or more of the eight 
quarters in this group was less than 
30% of initial levels. 

MILK QUALITY IN UNCHALLENGED 
QUARTERS 

Milk quality evaluations from 
unchallenged quarters from the four 
vaccinated and four control cows 
indicate that normal-appearing milk 
can be produced from quarters which 
are infected with M. bovisxnd have an 



increased cell content as indicated by 
the CMT. 

Unchallenged quarters on the four 
control cows produced normal- 
appearing milk 96.7% of the time with 
only four samples detected which were 
watery or flaky. Despite the produc- 
tion of normal-appearing milk most of 
the time, 46 of 120 (38.3%) of the 
quarter samples contained M. bovis 
and 36 of 128 (28. 1 %) had a detectable 
CMT reaction. 

Unchallenged quarters on the four 
vaccinated cows produced normal- 
appearing milk 97.5% of the time with 
only three of the 120 samples being 
flaky* or watery. Mycoplasma infec- 
tion was detected in eight. (6,7%) 
quarter samples and 14 (10.9%) CMT 
positive samples were observed. 

MlU QUALITY IN CHALLENGED QUARTERS 

Challenged quarters on the four 
control cows produced normal- 
appearing milk 70% of the time with a 
purulent secretion noted on five 
(4.23%) occasions. Despite produc- 
tion of normal-appearing milk most of 
the time, 77 of 120 (64.2%) of the 
samples contained M. bovis and 98 of 
128 (76.6%) had a detectable CMT 
reaction. 

Challenged quarters on the four 
vaccinated cows produced normal- 
appearing milk 65.8% of the time, with 
a purulent secretion noted on 14 
(10.9%) occasions. Fifty-seven of 120 
(47.5%) samples contained M. bovis 
and 112 of 128 (87.5%) had a 
detectable CMT reaction. 



DISCUSSION 

Bovine mastitis reduces milk yield, 
changes milk composition, and is one 
of the major disease problems con- 
cerning the dairy industry (3,4). 
Systematic descriptions of milk 
production and milk quality during 
M. bovis infection, were important 
parameters in evaluating vaccine 
efficacy. 

During the acute phase of the 
experimental M. bovis infection 
(weeks 12-15), all unchallenged 
quarters demonstrated only a slight, 
transient drop in production during 
which time some abnormal milk was 
observed, whereas challenged quarters 



from all animals experienced a drastic 
drop in milk production accompanied 
by abnormal and sometimes purulent 
lacteal secretions. The inflammation 
response occurred sooner and was 
more marked in vaccinates than in 
controls. 

Unchallenged quarters from vacci- 
nated and control cows which became 
infected with M. bovis and had a 
measurable CMT reaction could 
produce milk of normal appearance 
and quantity. This agrees with other 
reports of both natural and experi- 
mental infections (3,21,22). The 
participation of glandular compensa- 
tion either in terms of milk production 
or endogenous inflammatory elements 
was not evaluated (23-25). 

The return to normal milk produc- 
tion and appearance after natural and 
experimental M. bovis infection is 
quite variable (3). In a description of 
two of four cows experimentally 
inoculated with M. bovis, Bennett and 
Jasper (21) observed that both cows 
produced abnormal milk from posti- 
noculation (PI) day 5 in challenged 
quarters and from days 15-20 in 
unchallenged quarters. One cow 
continued to produce abnormal milk, 
high CMT scores, and remain agalac- 
tic for the--duration of the experiment 
(PI = 56), while the other cow partially 
returned to normal production, and 
produced visually normal milk in all 
quarters by PI day 53. In two other 
experiments the same workers 
observed that only one quarter in one 
of four cows experimentally inocu- 
lated with M. bovis produced abnor- 
mal milk (22), while 10 of II (one 
quarter not done) quarters on three 
different cows which had experienced 
either natural or experimental M. 
bovis mastitis produced abnormal 
milk when repeatedly challenge 
exposed (7). 

Other reports on milk production 
among cows or herds indicate that the 
recovery to normal milk production 
after the acute phase of M. bovis 
mastitis varies from a few weeks to 
poor performance and agalactia even 
in subsequent lactations (3). The 
mechanism by which M. bovis causes 
mastitis is undocumented, but the 
severity of the mastitis has been 
related to the stage of lactation and 
infection, and the severity and 
acuteness of the inflammatory 
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response, as well as to prior sensitizing 
exposure to specific antigens (3). 

The involvement of prior sensitiza- 
tion to mycoplasma antigens in 
adverse reactions to subsequent 
exposure to live organisms has been 
observed in a number of species. Many 
factors such as the mycoplasma 
strains, host species and the individu- 
ality of responses among members of 
the same species, and method of 
sensitization and experimental chal~. 
lenge exposure undoubtedly affect the 
nature and degree of adverse reac- 
tions; Since M. bovis -is a -common 
inhabitant of the bovine respiratory 
tract of calves with and without signs 
of respiratory disease, and naturally 
infected calves can develop, measura- 
ble specific immune responses, the 
nature of prior sensitization with M. 
bovis antigens is difficult to document 
on cows experiencing M. bovis 
mastitis. The role of prior sensitization 
in the severity of M. bovis mastitis, 
and its potentially adverse effect on 
milk production and milk quality 
appears to be an important parameter 
in evaluation of vaccine efficacy, and 
in need of further clarification. 
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